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The  attention  of  Teachers,  and  other  gentlemen  interested  in  ed- 
ucation, is  requested,  to  thefollomng  notices  of  this  •'  System 
of  Philosophy,"  which  are  from  the  most  respectable  sour, 
ces  : 

From  John  Griscom,  L.  L.  D.  Principal  of  the  New-York 
High  School. 

New- York,  June  I9th,  1830. 
Esteemed  Friend, 

I  have  received  and  examined  thy  book  on  Natural  Philosophy, 
with  much  satisfaction  ;  I  have  no  hesitation  in  sayinor,  that  I  con- 
sider it  better  adapted  to  the  purposes  of  School  Instruction,  than  any 
of  the  Manuals  hitherto  in  use  with  which  I  am  acquainted.  The 
amiable  author  of  the  Conversations  threw  a  charm  over  the  different 
subjects  which  she  has  treated  of,  by  the  interlocutory  style  which  she 
adopted,  and  thus  rendered  the  })rivate  study  ot  those  Sciences  more 
attractive ;  but  this  style  or  manner,  being  necessarily  diffuse,  is  not 
WAvell  adapted  to  the  didactic  forms  of  instraction  pursued  in  Schools. 
Hence  also,  more  matter  can  be  introduced  within  the  same  com- 
pass, and  I  find,  on  comparinof  thy  volume  with  either  of  the  editioa* 
of  the  Couversations  now  in  use,  that  the  former,  is  much  better  en- 
titled to  the  appellation  of  a  System  of  Natural  Philosophy,  than  the 
latter.  The  addition  also  of  Electricity  and  Magnetism,  is  by  no 
means  unimportant  in  a  course  of  instruction  in  the  Physical  Scien- 
ces. 

I  am,  with  great  respect,  JOHN  GRISCOM. 

P.  S.  I  have  recommended  thy  book  to  all  the  pupils  of  our  High 
School,  who  attend  to  Natural  Philosophy,  and  it  is  the  only  Book 
which  we  shall  now  use  as  a  Class  Book. 

From  H.  Potter,  Professor  of  Mathematics  and  Natural  Philoso- 
phy, in  Washington  College,  Hartfcn-d,  Conn. 
Dear  Sir, 

I  have  examined  a  portion  of  your  work  on  Natural  Philosophy , 
and  am  happy  to  say  that  I  am,  in  general,  well  pleased  with  the 
plan  you  have  adopted.  With  the  exception  of  a  few  errors,  whicli 
will  doubtless  be  corrected  in  a  subsequent  edition,  your  mode  of 
treating  your  subjects,  seems  to  be  sufficiently  scientific  for  a  work 
so  very  elementary  in  its  character — and  at  the  same  time,  it  is  so 
]X)pular,  as  to  present  few  difficulties  to  an  uneducated  person  of  or- 
dinary understanding.  The  diagrams  are  generally  well  drawr, 
and  the  plan  of  introducing  them  on  the  same  page  with  the  expla  - 
nation,  will  contribute  greatly  to  the  comfort  and  advantage  of  your 

Very  truly  Yours,  H.  POTTER. 

Dr.  J.  L.  CoMSTCcK. 
Washington  College,  July  1, 1830. 
From  the  Right  Rev.  T.  C.  Broumell,  D.  D.,  L.  L.  D.,  President 
of  Washington  College. 
From  a  cursory  examination  of  the  work,  I  willingly  concur  in 
the  above  recommendation.    I  know  of  no  similar  Book,  which,  for 
plan  and  arrangement,  is  so  well  calculated  for  the  use  of  Schools. 

T.  C.  BROWNELL. 

Dh.  J.   L.   COMSTOCK. 


Dr.  Comstock, 

I  have  examined  your  Treatise  on  Natural  Pliilosophy  with  con- 
siderable attention,  having  used  it  as  a  Text  Book  in  the  Grammar 
School,  immediately  on  its  publication.  With  this  knowledge  of  its 
contents,  I  have  no  hesitation  in  pronouncing  it  the  best  wor^on  this 
subject,  for  the  use  of  Schools  and  Acadeiuies,  \vitii  which  I  am 
acquauited,  and  therefore  hope  to  see  it  extensi\ely  introduced. 

E.  P.'BARROWS, 
Principal  Hartford  Grammar  School. 

Hartford,  June  26,  1830. 

Dr.  Comstock, 

Bear  Sir, — I  have  carefully  examined  your  System  of  Natural 
Philosophy,  and  am  of  opijiion  that  it  is  far  suj^erior  to  any  work  of 
the  kind  now  in  use.  As  particular  excellencies  of  this  System,  I 
would  mention  its  happy  illustrations— the  perspicuity,  variety,  ar- 
rangement, and  originality  of  its  diagrams,  and  the  adchtion  of  much 
new,  interesting,  and  useful  matter.  It  appears,  indeed,  to  have 
been  a  principal  object  Avith  you,  to  give  the  Student  correct  and 
clefinite  ideas,  and  in  this  attempt  I  think  you  have  been  peculiarly 
successful.  I  have  been  highly  pleased  with  the  work  myself,  and 
can  heartily  recommend  it  to  the  attention  and  patronao-e  of  the  pub- 
lic OLIVER  HOPSON, 

Principal  of  the  Select  School. 

Hartford,  June  1,  1830. 

From  the  Teacher  of  Mathematics  and  Natural  Philosophy  in  the  High 
School,  at  Ellington,  Conn. 
Dear  Sir,— I  have  examined  your  "  System  of  Natural  Philoso- 
phy," and  used  it  as  a  text-book  for  one  class.  I  consider  it  better 
adapted  to  the  purposes  of  elementary  instruction  than  any  work  of 
a  similar  kind  with  which  I  am  at  present  acquainted. 

ZEBULON  CROCKER. 
Ellington  School,  Aug.  10,  1830. 

Gentlemen, 

I  have  examined  "  Comstock's  Natural  Philosophy,"  and  think  it 
is  a  book-  excellently  adapted  to  communicate  a  competent  knowledge 
of  the  various  subjects  on  which  it  treats.  It  does  not  enter  into  that 
depth  of  Scientifical  and  Mathematical  illustration,  of  wliich  the 
subjects  are  susceptible ;  but  it  illustrates  in  a  familiar  way,  most  ol 
the  principles  of  Natural  Philosophy,  and  is  enriched  with  a  state- 
ment ol  practical  details  in  that  science.  It  is  a  book  well  calculated 
to  be  highly  useful  in  our  Schools  and  Academies. 

Most  respectfully  Yours,  &c.  ROBERT  BRUCE, 

President  of  Western  University,  Penn. 
Gentlemen, 

I  have  examined  many  of  those  Treatises  of  Natural  Philosophy 
that  have  been  prepared  for  the  younger  classes  of  Students— Dr 
Comstock  approaches  more  nearly  to  the  idea  I  have  formed  of  what 
such  a  work  should  be,  than  any  I  have  met  with.  It  is  rich  in 
Philosophical  facts,  its  explanations  are  popular,  its  illustrations  prac- 
tical, and  Its  language  perspicuous.  It  is  perfectly  adapted  to  those 
students  at  school  that  do  not  take  an  extensive  courseof  Mathemat- 
ics, and  to  those  that  do,  it  will  serve  the  important  purpose  of  an  In- 
troduction. Yours  respectfully,  J.  H.  FIELDING 

President  of  Madison  College. 
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are  added  Questions  for  the  examination  of  the  pupils.  Designed  for  the  use  of 
Schools  and  Academies.  By  J.  L.  Comstock,  M.  D.  Mem.  Con.  M.  S. ;  Hon.  Mem. 
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CHARLES  A.  INGERSOLL, 
Clerk  of  the  District  of  Connecticut 


PREFACE. 

While  we  liave  recent  and  improved  systems  of  Geography,  of 
Arithmetic,  and  of  Grammar,  in  ample  variety, — and  Reading  and 
Spelling  Books  in  corresponding  abundance,  many  of  which  show  our 
advancement  in  the  science  of  education,  no  one  has  offered  to  the 
public,  for  the  use  ol'our  schools,  any  new  or  improved  system  of  Na- 
tural Philosophy.  And  yet  this  is  a  branch  of  education  very  exten- 
sively studied  at  the  present  time,  and  probably  would  be  much  more 
so,  were  some  of  its  parts  so  explained  and  illustrated  as  to  make  them 
more  easily  understood. 

The  author  therefore,  imdertook  the  following  work  at  the  sugges- 
tion of  several  eminent  teachers,  who  for  years  have  regretted  the  want 
of  a  book  on  this  subject,  more  familiar  in  its  explanations,  and  more 
ample  in  its  details,  than  any  now  in  common  use. 

The  Conversations  on  Natural  Philosophy,  a  foreign  work  now  ex- 
tensively used  in  schools,  though  beautifully  written,  and  often  highly 
interesting,  is  on  the  whole  considered  by  most  instructors,  as  exceed- 
ingly deficient — particularly  in  wanting  such  a  method  in  its  expla- 
nations, as  to  convey  to  the  mind  of  the  pupil,  precise  and  definite 
ideas ;  and  also  in  the  omission  of  many  subjects,  in  themselves  most 
useful  to  the  student,  and  at  the  same  time  most  easily  taught. 

It  is  also  doubted  by  many  instructors,  whether  Conversations  is  the 
best  form  for  a  book  of  instruction,  and  particularly  on  the  several  sub- 
jects embraced  in  a  system  of  Natijral  Philosophy.  Indeed  those  who 
have  had  most  experience  as  teachers,  are  decidedly  of  the  opinion 
that  it  is  not ;  and  hence  we  learn,  that  in  those  parts  of  Europe  where 
the  subject  of  education  has  received  the  most  attention,  and  conse- 
quently where  the  best  methods  of  conveying  instruction  are  suppos- 
ed to  have  been  adopted,  school  books  in  the  form  of  conversations  are 
at  present  entirely  out  of  use. 

The  author  of  the  following  system  hopes  to  have  illustrated  and 
explained  most  subjects  treated  of  j  in  a  manner  so  familiar  as  to  be 
understood  by  the  pupil,  without  requiring  additional  diagrams,  or 
new  modes  of  explanations  from  the  teacher. 

Every  one  who  has  attempted  to  make  himself  master  of  a  difficult 
proposition  by  means  of  diagrams,  knows  that  the  great  number  of  let- 
ters of  reference  with  which  they  are  sometimes  loaded,  is  often  the 
most  perplexing  part  of  the  subject,  and  particularly  when  one  figure 
is  made  to  answer  several  purposes,  and  is  placed  at  a  distance  From 
the  explanation.  To  avoid  this  difficulty,  the  author  has  introduced 
additional  figures  to  illustrate  the  different  parts  of  the  subjects,  instead 
of  referring  back  to  former  ones,  so  that  the  student  is  never  perplexetl 
with  many  letters  on  any  one  figure.  The  figures  are  also  placed 
under  the  eye,  and  in  immediate  connexion  with  their  descriptions,  so 
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that  the  letters  of  reference  in  the  text,  and  those  on  the  diagrams,  can 
be  .seen  at  tlie  same  time.  In  respect  to  the  languajjc  employed,  it 
has  been  the  chief  object  of  the  author  to  make  himself  understood  by 
those  who  know  nothing  of  mathematics,  and  who  indeed  had  no  pre- 
vious luiowledge  of  Natural  Philosophy.  Terms  of  science  have 
therefore  been  as  much  as  possible  avoided,  and  when  used,  are  ex- 
plained in  connexion  with  the  subjects  to  which  they  belong,  and  it  is 
hoped,  to  the  comprehension  of  common  readers.  This  method  was 
thought  preferable  to  that  of  adding  a  Glossary  of  scientific  terms. 

The  author  has  also  endeavored  to  illustrate  the  subjects  as  much 
as  possible  by  means  of  common  occurrences,  or  common  things,  and 
in  this  manner  to  bring  philosophical  truths  as  much  as  practicable 
within  ordinary  acquirements.  It  is  hoped,  therefore,  that  the  prac- 
tical moclianic  may  take  some  useful  hints  concerning  his  business, 
from  several  parts  of  the  work. 

Hartibrd,  May,  1830.  ' 
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THE  PROPERTIES  OF  BODIES. 

A  Body  is  any  substance  of  which  we  can  gain  a  know- 
ledge by  our  senses.  Hence  air,  water  and  earth,  in  all  their 
modifications,  are  called  bodies. 

There  are  certain  properties  which  are  common  to  all  bo- 
dies. These  are  called  the  essential  properties  of  bodies. 
They  are  Impenetrability,  Extension,  Figure,  Divisibility, 
Inertia,  and  Attraction. 

Impenetrability.  By  impenetrability,  it  is  meant  that  two 
bodies  cannot  occupy  the  same  space  at  the  same  time,  or, 
that  the  ultimate  particles  of  matter  cannot  be  penetrated. 
Thus,  if  a  vessel  be  exactly  filled  with  water,  and  a  stone,  or 
any  other  substance  heavier  than  water  be  dropped  into  it,  a 
quantity  of  water  will  overflow,  just  equal  to  the  size  of  the 
heavy  body.  This  shows  that  the  stone  only  separates  or  dis- 
places the. particles  of  water,  and  therefore  that  the  two  sub- 
stances  cannot  exist  in  the  same  place  at  the  same  time.  If  a 
glass  tube  open  at  the  bottom,  and  closed  with  the  thumb  at 
the  top,  be'pressed  down  into  a  vessel  of  water,  the  liquid  will 
not  rise  up  and  fill  the  tube,  because  the  air  already  in  the 
tube  resists  it  ;  but  if  the  thumb  be  removed,  so  that  the  air 
can  pass  out,  the  water  will  instantly  rise  as  high  on  the  inside 
of  the  tube  as  it  is  on  the  outside.  This  shows  that  the  air  is 
impenetrable  to  the  water. 

If  a  nail  be  driven  into  a  board,  in  common  language,  it  is 
said  to  penetrate  the  wood,  but  in  the  language  of  philosophy, 
it  only  separates,  or  displaces  the  particles  of  the  wood.     The 

What  is  a  body?  Mention  several  bodies.  What  are  the  essential 
properties  of  bodies?  What  is  meant  by  impenetrability  ?  How  is  it 
proved  that  air  and  water  are  impenetrable? 
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same  is  the  case,  if  the  nail  be  driven  into  a  piece  of  lead ;; 
the  particles  ot  the  lead  are  separated  from  each  other,  and 
crowded  together,  to  make  room  for  the  harder  body,  but  the 
particles  themselves  are  by  no  means  penetrated  by  the  nail. 

When  a  piece  ot  gold  is  dissolved  in  an  acid,  the  particles 
of  the  metal  are  divided,  or  separated  from  each  other,  and 
diffused  in  the  fluid,  but  the  particles  of  gold  are  supposed 
slill  to  be  entire,  for  if  the  acid  be  removed,  we  obtain  the 
gold  again  in  its  solid  form,  just  as  though  its  particles  had 
never  been  separated. 

Extension.  Every  body,  however  small,  must  have  length, 
breadth,  and  thickness,  since  no  substance  can  exist  without 
them.  By  extension,  therefore,  is  only  meant  these  qualities. 
Extension  has  no  respect  to  the  size,  or  shape  of  a  body.  The 
size,  and  shape  of  a'block  of  wood  a  foot  square  is  quite  dif- 
ferent, from  that  of  a  walking  stick.  But  they  both  equally 
possess  length,  breadth,  and  thickness,  since  the  stick  might 
be  cut  into  little  blocks,  exactly  resembling  in  shape  the 
large  one.  And  these  little  cubes  might  again  be  divided 
until  they  were  only  the  hundredth  part  of  an  inch  in  diame- 
ter, and  still  it  is  obvious,  that  they  would  possess  length, 
breadth,  and  thickness,  for  they  could  yet  be  Seen,  felt,  and 
measured.  But  suppose  each  of  these  little  blocks  to  be 
again  divided  a  thousand  times,  it  is  true  we  could  not  meas- 
ure them,  but  still  they  would  possess  the  quality  of  exten- 
sion, as  really  as  they  did  before  division,  the  only  difference 
being  in  respect  to  dimensions. 

Figure,  or  form,  is  the  result  of  efxtensioh,  for  we  cannot 
conceive  that  a  body  has  length  and  breadth,  without  its  also 
having  some  kind  of  figure,  however  irregular. 

Some  solid  bodies  have  certain,  or  determinate  forms, 
which  are  produced  by  nature,  and  are  always  the  same,s 
wherever  they  are  found.  Thus  a  crystal  of  quartz  has  six 
sides,  while  a  garnet  has  t\A>elve  sides,  these  numbers  being 
invariable.     Some  solids  are  so  irregular,  that  they  cannot 

Whea  a  nail  is  driven  into  a  boai'd,  or  piece  of  lead,  arethe  particles 
of  these  bodies  penetrated  or  separated  ?  Are  the  particles  of  g'old  dis- 
solved, or  only  separated  by  the  acid  ?  What  is  meant  by  extension? 
In  h  jw  many  directions  do  bodies  possess  extension  ?  Of  what  is  fig- 
ure, ar  form,  the  result  ?  Do  all  bodies  possess  figure  ?  What  solid 
are  regular  in  their  forms  ?     What  bodies  are  irregular  ? 
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l?e  compared  with  any  mathematical  figure.  This  is  the  case 
with  the  fragments  of  a  broken  rock,  chips  of  wood,  fractured 
glass,  &c. 

Fluid  bodies  have  no  determinate  forms,  but  take  their 
shapes  from  the  vessels  in  which  they  happen  to  be  placed. 

Divisibility.  By  the  divisibility  of  matter,  we  mean  that 
a,  body  may  be  divided  into,  parts,  and  that  these  parts  may 
again  be  divided  into  other  parts. 

It  is  quite  obvious,  that  if  we  break  a  piece  of  marble  into 
two  parts,  these  two  parts  may  again  be  divided,  and  that  the 
process  of  division  may  be  continued  until  these  parts  are  so 
small  as  not  individually  to  be  seen  or  felt.  But  as  every  body, 
however  small,  must  possess  extension  gind  form,  so  we  can 
conceive  of  none  so  minute  but  that  it  may  again  be  divided. 
There  is,  however,  in  all  probability,  a  limit,  beyond  which 
the  particles  of  matter  cannot  be  divided,  for  we  do  not  sup- 
pose that  the  atoms  of  which  bodies  are  composed,  are  them- 
selves divisible,  or  can  be  broken,  and  therefore  here,  divisi- 
bility must  end.  But  under  what  circumstances  this  takes 
place,  or  whether  it  is  m  the  power  of  man  during  his  whole 
life,  to  pulverize  any  substance  so  ftnely,  that  it  ijiay  not  again 
be  broken,  is  unknown. 

We  can  conceive,  in  some  degree,  how  minute  must  be  the 
particles  of  matter,  from  circumstances  that  every  day  come 
within  our  knowledge. 

A  single  grain  pf  musk  will  scent  a  room  for  years,  and 
still  lose  no  appreciable  part  of  its  weight.  Here,  the  particles 
of  musk  must  be  floating  in  the  air  of  every  part  of  th.e  room, 
otherwise  they  could  not  be  every  where  perceived. 

Gold  is  hammered  so  thin,  as  to  take  28,000  leaves  to  make 
an  inch  in  thickness.  Here,  the  particles  still  adhere  to  each 
other,  notwithstanding  the  great  surface  which  they  cover,— a 
single  grain  beiog  sufficient  to  extend  over  a  surface  of  fitiy 
square  inches. 

The  ultimate  particles  of  matter,  however  widely  they  may 
be  diffused,  are  not  individually  destroyed,  or  lost,  but  under 
certain  circumstances,  may  again  be  collected  into  a  body 

What  is  meant  by  divisibility  of  matter  ?  Is  there  any  limit  to  the 
divisibility  of  matter  :'  Aro  tlie;  atoms  of  matter  divisible  ?  What  ex- 
amples arc  given  of  the  divisibility  of  matter  ?  How  many  leaves  of 
gold  does  it  take  to  make  an  inch  in  thickness  ?  How  many  square 
inches  may  a  grain  of  gold  be  made  to  cover? 
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without  change  of  form.  Mercury,  water,  and  many  other 
substances,  may  be  converted  into  vapor,  or  distilled  in  close 
vessels,  without  any  of  their  particles  being  lost.  In  such 
cases,  there  is  no  decomposition  of  the  substances  but  only  a 
change  of  form  by  the  heat,  and  hence  the  mercury  and  wa- 
ter, assume  their  original  state  again  on  cooling. 

When  bodies  suffer  decomposition  or  decay,  their  elemen- 
tary particles,  in  like  manner,  are  neither  destroyed  nor  lost, 
but  only  enter  into  new  arrangements,  or  combinations  with 
other  bodies. 

When  a  piece  of  wood  is  heated  in  a  close  vessel,  such  as  a 
retort,  we  obtain  water,  an  acid,  several  kinds  of  gas,  and 
there  remains  a  black,  porous  substance,  called  charcoal. 
The  wood  is  thus  decomposed,  or  destroyed,  and  its  particles 
take  a  new  arrangement,  and  assume  new  forms,  but  that 
nothing  is  lost  is  proved  by  the  fact,  that  if  the  water,  acid, 
gases,  and  charcoal  be  collected  and  weighed,  they  will  be 
found  exactly  as  heavy  as  the  wood  was,  before  distillation. 

Bones,  flesh,  or  any  animal  substance,  may  in  the  same 
manner  be  made  to  assume  new  forms,  without  losing  a  par- 
ticle of  the  matter  which  they  originally  contained. 

The  decay  of  animal,  or  vegetable  bodies  in  the  open  air, 
or  in  the  ground,  is  only  a  process  by  which  the  particles  of 
which  they  were  composed,  change  their  places,  and  assume 
new  forms. 

The  decay,  and  decomposition  of  animals  and  vegetables  on 
the  surface  of  the  Earth  form  the  soil,  which  nourishes  the 
growth  of  plants  and  other  vegetables  ;  and  these  in  their 
turn,  form  the  nutriment  of  animals.  Thus  is  there  a  per- 
petual change  from  death  to  life,  and  from  life  to  death,  and 
as  constant  a  succession  in  the  forms  and  places,  which  the 
particles  of  matter  assume.  Nothing  is  lost,  and  not  a  parti- 
cle of  matter  is  struck  out  of  existence.  The  same  matter  of 
which  every  living  animal,  and  every  vegetable  was  formed, 
before  and  since  the  flood,  is  still  in  existence.  As  nothing  is 
lost  or  annihilated,  so  it  is  probable  that  nothing  has  been 
added,  and  that  we,  ourselves,  are  composed  of  particles  of 

Under  what  circumstances  may  the  particles  of  matter  again  he  col- 
lected in  their  original  form  '  When  bodies  suffer  decay,  are  their 
particles  lost  ?  What  becomes  of  the  particles  of  bodies  which  decay? 
Is  it  probable  that  any  matter  has  been  annihilated,  or  added,  since  the 
first  creation  ? 
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matter  as  old  as  the  creation.  la  time,  we  must  in  our  turn, 
suffer  decomposition,  as  all  forms  have  done  before  us,  and 
thus  resij];n  the  matter  of  which  we  are  composed,  to  form 
new  existences. 

Inertia.  Inertia  means  passiveness,  or  want  of  power. 
Thus  matter  is,  of  itself,  equally  incapable  of  putting  itself  in 
motion,  or  of  bringing  itself  to  rest  when  in  motion. 

It  is  plain  that  a  rock  on  the  surface  of  the  earth,  never 
changes  its  position  in  respect  to  other  things  on  the  earth. 
It  has  of  itself  no  power  to  move,  and  would,  therefore,  for- 
ever lie  still,  unless  moved  by  some  external  force.  This  fact  is 
proved  by  the  experience  of  every  person,  for  we  see  the  same 
objects  lying  in  the  same  positions  all  our  lives.  Now  it  is 
just  as  true,  that  inert  matter  has  no  power  to  bring  itself  to 
rest,  when  once  put  in  motion,  as  it  is,  that  it  cannot  put  it- 
self in  motion,  when  at  rest,  for  having  no  life,  it  is  perfectly 
passive,  both  to  motion  and  rest,  and  therefore  either  state  de- 
pends entirely  upon  circumstances. 

Common  experience  proving  that  matter  does  not  put  itself 
in  motion,  we  might  be  led  to  believe,  that  rest  is  the  natural 
state  of  all  inert  bodies,  but  a  few  considerations  will  shew, 
that  motion  is  as  much.the  natural  state  of  matter  as  rest,  and 
that  either  state  depends  on  the  resistance,  or  impulse  of  ex- 
ternal causes. 

If  a  cannon  ball  be  rolled  upon  the  ground,  it  will  soon 
cease  to  move,  because  the  ground  is  rough,  and  presents  im- 
pediments to  its  motion,  but  if  it  be  rolled  on  the  ice,  its  mo- 
tion will  continue  much  longer,  because  there  are  fewer  im- 
pediments, and  consequently,  the  same  force  of  impulse  will 
carry  it  much  farther.  We  see  from  this,  that  with  the  same 
impulse,  the  distance  to  which  the  ball  will  move  must  de- 
pend on  the  impediments  it  meets  with,  or  the  resistance  it  has 
to  overcome.  But  suppose  tha^  the  bail  and  ice  were  both  so 
smooth  as  to  remove  as  much  as  possible  the  resistance  caused 
by  friction,  then  it  is  obvious  that  the  ball  would  continue  to 
move  longer,  and  go  to  a  greater  distance.  Next  suppose  we 
avoid  the  friction  of  the  ice,  and  throw  the  ball  through  the 
air,  it  would  then  continue  in  motion  still  longer  with  the  same 

What  is  said  of  the  particles  of  matter  of  which  we  are  made?  What 
does  inertia  mean  ?  Is  rest  or  motion  the  natural  state  of  matter  ? 
Wliy  does  the  ball  roll  further  on  the  ice  than  on  the  ground  ?  What 
does  tiiis  prove  ? 
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force  of  projection,  because  the  resistance  of  the  air  is  less 
than  that  of  the  ice,  and  there  is  nothing  td  oppose  its  con- 
stant motion,  except  the  resistance  of  the  air,  and  its  own 
weight,  or  gravity. 

If  the  air  be  exhausted,  or  pumped  out  of  a  vessel  by  means 
of  an  air  pump,  and  a  common  top,  with  a  small,  hard  point, 
be  set  in  motion  in  it,  the  top  will  continue  to  spin  for  hours, 
because  the  air  does  not  resist  its  motion.  A  pendulum,  set 
in  motion,  in  an  exhausted  vessel,  will  continue  to  swing,  with- 
out  ihe  help  of  clock  work,  for  a  whole  day,  because  there  is 
nothing  to  resist  its  perpetual  motion,  but  the  small  friction  at 
the  point  where  it  is  suspended. 

We  see,  then,  that  it  is  the  resistance  of  the  air,  of  friction, 
and  of  gravity,  which  cause  bodies  once  in  motion  <  ^  cease 
moving,  or  come  to  rest,  and  that  dead  matter  of  itself,  is 
equally  incapable  of  causing  its  own  motion,  or  its  own  rest. 

We  have  perpetual  examples  of  the  truth  of  this  doctrine, 
in  the  moon,  and  other  planets.  Tlx^se  vast  bodies  move 
through  spaces  which  are  void  ofthe  obstacles  of  air  and  fric- 
tion, and  their  motions  are  the  same  that  they  were  thousands 
of  years  ago,  or  at  the  beginning  of  creation. 

Attraction.  By  attraction  is  meant  that  property,  or  quality 
in  the  particles  of  bodies,  which  make  them  tend  toward  each 
other. 

We  know  that  substances  are  composed  of  small  atoms,  or 
particles,  of  matter,  and  that  it  rs  a  collection  of  these,  united 
together,  that  forms  all  the  objects  with  which  we  are  acquaint- 
ed. Now  when  we  come  to  divide,  or  separate  any  substance 
inio  parts,  we  do  not  find  that  its  particles  have  been  united, 
or  kept  together  by  glue,  little  nails,  or  any  such  mechanical 
means,  but  that  they  cling  together  by  some  power,  not  obvi- 
ous to  our  senses.  This  power  we  call  attraction,  but  of  its 
nature  or  cause,  we  are  entirely  ignorant.  Experiment  and 
observation  however,  demonstrate,  that  this  power  pervades 
all  material  things,  and  that  under  different  modifications,  it 

Why,  with  the  same  force  of  projection,  will  a  ball  move  further 
through  the  air  than  on  the  ice  ?  W  hy  will  a  top  spin,  or  a  pendulum 
swing  longer,  in  an  exhausted  vessel  than  in  tlie  air  ?  What  are  the 
causes  wliich  resist  the  perpetual  motion  of  bodies  ?  Where  have  we 
an  example  of  continued  motion,  without  the  existence  of  air  and  fric- 
tion ?  VV  hat  is  meant  by  attraction  ?  What  is  known  about  the  cause 
of  attraction  ?     Is  attraction  common  to  all  kinds  of  matter,  or  not  ? 
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not  only  makes  the  particles  of  bodies  adhere  to  each  other, 
but  is  the  cause  which  keeps  the  pLmets  in  their  orbits  as  they 
pass  through  the  heavens. 

Attraction  has  received  different  names,  according  to  the 
circumstances  under  which  it  acts. 

The  force  which  keeps  the  particles  of  matter  together,  to 
form  bodies,  or  masses,  is  called  attraction  of  cohesion.  That 
which  inclines  different  masses  towards  each  other,  is  called 
attraction  of  gravitation.  That  which  causes  liquids  to  rise 
in  tubes,  is  called  capillary  attraction.  That  which  forces 
the  particles  of  substances  of  different  kinds  to  unite,  is 
known  under  the  name  of  chemical  attraction.  That  which 
causes  the  needle  to  point  constantly  towards  the  poles  of  the 
earth  is  magnetic  attraction ;  and  that  which  is  excited  by 
friction  in  certain  substances,  is  known  by  the  name  of  elec- 
trical attraction. 

The  following  illustrations,  it  is  hoped,  will  make  each  kind 
of  attraction  distinct  and  obvious  to  the  mind  of  the  student. 

Attraction  of  cohesion  acts  only  at  very  short  distances,  as 
when  the  "{f&fticles  of  bodies  apparently  touch  each  other. 
In  some  substances  it  appears  to  act  with  much  greater  force 
than  in  others. 

Take  two  pieces  of  lead,  of  a  round  form,  an  inch  in  diame- 
ter, and  two  inches  long ;  flatten  one  end  of  each,  and  make 
through  it  an  eye-hole  for  a  string.  Make  the  other  ends  of 
each  as  smooth  as  possible,  by  cutting  them  with  a  sharp 
knife.  If  now  the  smooth  surfaces  be  brought  together,  with 
a  slight  turning  pressure,  they  will  adhere  with  such  force 
that  two  men  can  hardly  pull  them  apart  by  the  two  strings. 

In  like  manner,  two  pieces  of  plate  glass,  when  their  surfa- 
ces are  cleaned  from  dust,  and  they  are  pressed  together,  will 
adhere  with  considerable  force. 

This  kind  of  attraction  is  much  stronger  in  some  bodies 
than  in  others.  Thus  it  is  stronger  in  the  metals  than  in  most 
other  substances,  and  in  some  of  the  metals  it  is  stronger 
than  in  others.     In  general  it  is  most  powerful  among  the 

What  effect  docs  this  power  have  upon  tlie  planets  ?  Why  has  at- 
traction received  difterent  names  r'  How  many  Icinds  of  attraction  are 
there?  flow  does  the  attraction  of  cohesion  operate '  Wliat  is  meant 
by  attraction  of  gravitation  ?  Wliat  by  capillary  attraction  ?  What  by 
chemical  ttraction?  What  is  that  which  makes  the  needle  point  to- 
wards the  pole?  How  is  electrical  attraction  excited?  Give  an  ex- 
ample of  cohesive  attraction. 
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particles  of  solid  bodies,  weaker  among  those  of  liquids,  and 
probably  entirelj  wanting,  among  elastic  fluids,  such  as  air, 
and  the  gases. 

Thus,  a  small  iron  wire  will  hold  a  suspended  weight  of 
many  pounds,  without  having  its  particles  separated  ;  the  par- 
ticles of  water  are  divided  by  a  very  small  force,  while  those  of 
air,  are  still  more  easily  moved  among  each  other.  These 
different  properties  depend  on  the  force  of  cohesion  with 
which  the  several  particles  of  these  bodies  are  united. 

When  the  particles  of  fluids  are  left  to  arrange  themselves 
according  to  the  laws  of  their  attraction,  the  bodies  which 
they  compose  assume  the  form  of  a  globe  or  ball. 

Drops  of  water  thrown  on  an  oiled  surface  or  on  wax — glo- 
bules of  mercury,' — hail  stones, — a  drop  of  water  adhering  to 
the  end  of  the  linger,-: — tears  running  down  the  cheeks,  and 
dew  drops  on  the  leaves  of  plants,  are  all  examples  of  this  law 
of  attraction.  The  manufacture  of  shot  is  also  a  striking  il- 
lustration. Tlie  lead  is  melted  and  poured  into  a  sieve,  at  the 
height  of  about  two  hundred  feet  from  the  ground.  The 
stream  of  lead  immediately  after  leaving  the  sieve,  separates 
into  round  globules,  which  before  they  reach  the  ground,  are 
cooled  and  become  solid,  and  thus  are  formed  the  shot  used 
by  sportsmen. 

To  account  for  the  globular  form  in  all  these  cases,  we 
have  only  to  consider  that  the  particles  of  matter  are  mutually 
attracted  towards  a  common  centre,  and  in  liquids  being  free 
to  move,  they  arrange  themselves  accordingly. 

In  all  figures  expect  the  globe,  or  ball,  some  of  the  particles 
must  be  nearer  the  centre  than  others  But  in  a  body  that  is 
perfectly  round,  every  part  of  the  outside  is  exactly  at  the 
same  distance  from  the  centre. 

Thus  the  corners  of  a  cube,  or  square,  are 
at  much  greater  distances  from  the  centre, 
than  the  sides,  while  the  circumference  of 
a  circle  or  ball  is  every  where  at  the  same 
distance  from  it.  This  difference  is  shown 
by  fig.  1,  and  it  is  quite  obvious,  that  if  the 
particles  of  matter  are  equally  attracted  to- 
wards the  common  centre,  and  are  free  to 
arrange  themselves,  no  other  figure  could 

In  what  substances  is  cohesive  attraction  the  strongest?  In  what 
substances  is  it  weakest?  Why  are  the  particles  of  fluids  more  easily 
separated  than  those  of  solids? 


Fiff.  1. 
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possibly  be  formed,  since  then  every  part  of  the  outside  is 
equally  attracted. 

The  sun,  earth,  moon,  and  indeed  all  the  heavenly  bodies 
are  illustationsof  this  law,  and  therefore  were  probably  in  so 
soft  a  state  when  first  formed,  as  to  allow  their  particles  freely 
to  arrange  themselves  accordingly. 

Attraction  of  gravitation.  As  the  attraction  of  cohesion 
unites  the  particles  of  matter  into  masses  or  bodies,  so  the 
attraction  of  gravitation  tends  to  force  these  masses  towards 
each  other,  to  form  those  of  still  greater  dimensions.  The 
term  gravitation,  does  not  here  strictly  refer  to  the  weight  of 
bodies,  but  to  the  attraction  of  the  masses  of  matter  towards 
each  other,  whether  downwards,  upwards,  or  horizontally. 

The  attraction  of  gravitation  is  mutual,  since  all  bodies  not 
only  attract  other  bodies,  but  are  themselves  attracted. 

Iff-  2.       Two  cannon  balls,  when  suspended  by  long  cords, 

'  so  as  to  hang  quite  near  each  other,  are  found  to 

exert  a  mutual  attraction,  so  that  neither  of  the 

cords  is  exactly  perpendicular,  but  they  approach 

each  other,  as  in  fig.  2. 

In  the  same  manner,  the  heavenly  bodies, 
when  they  approach  each  other,  are  drawn  out  of 
the  li;.9  of  their  [)aths,  or  orbits,  by  mutual  at- 
traction. 

The  force  of  attraction  increases  in  proportion 
as  bodies  approach  each  other,  and  by  the  same 
law  it  must  diminish  in  proportion  as  they  recede 
from  each  other. 

Attraction,  in  technical  language,  is  inversely 
as  the  squares  of  the  distances  between  the  two 
bodies.     That  is,  in  proportion  as  the  square  of 
'the  distance  increases,  in  the  same  proportion  attraction  de- 
creases,  and  so  the  contrary.     TJius  if  at  the  distance  of  2 
feet,  the  attraction  be  equal  to  4  pounds,  at  the  distance  of  4 

What  form  do  fluids  take,  -nhcn  their  particles  are  left  to  their  own 
arrangement?  Give  examples  of  this  law.  How  is  the  globular  form 
which  liquids  assume,  accounted  for  ?  If  the  particles  of  a  body  are 
free  to  move,  and  are  equally  attracted  towards  the  centre,  what  must 
be  its  figure  .'  Why  must  the  figure  be  a  globe?  What  great  natural 
bodies  are  examples  of  this  law?  What  is  meant  by  attraction  of  gra- 
vitation ?  Can  one  body  attract  another  without  being  itself  attracted? 
How  is  it  proved  that  bodies  attract  each  other?  By  what  law,  or  rule, 
does  the  force  of  attraction  increase? 


18  PROPERTIES  OF  BODIES. 

feet,  it  will  be  only  1  pound  ;  for  the  square  of  2  is  4,  and  the 
square  of  4  is  16,  which  is  4  times  the  square  of  2.  On  the 
contrary,  if  the  attraction  at  the  distance  of  6  feet  be  3  pounds, 
at  the  distance  of  2  feet  it  will  be  9  times  as  much,  or  27 
pounds,  because  36,  the  square  of  6,  is  equal  to  9  times  4, 
the  square  of  2. 

The  intensity  of  light  is  found  to  increase  and  diipinish  in 
the  same  proportion.  Thus,  if  a  board  a  foot  square,  be  pla- 
ced at  the  distance  of  one  foot  from  a  candle,  it  will  be  found 
to  hide  the  light  from  another  board  of  two  feet  square,  at  the 
distance  of  two  feet  from  the  candle.  Now  a  board  of  two 
feet  square  is  just  four  times  as  large  as.  one  of  one  foot  square, 
and  therefore  the  light  at  double  the  distance  being  spread 
over  4  times  the  surface,  has  only  one  fourth  the  intensity. 

^'o- 3.  This  experiment 

may  be  easily  tried 
or  may  be  readily 
understood  by  fig. 
.^  I  "  3,  where  c  repre- 
sents the  candle,  A 
the  small  board', 
and  -Bthe  large  one  ;  B  being  four  times  the  size  of  A. 

The  force  of  the  attraction  of  gravitation,  is  in  proportion 
to  the  quantity  of  matter  the  attracting  body  contains. 

Some  bodies  of  the  same  bulk  contain  a  much  greater  quan- 
tity of  matter  than  others:  thus  a  piece  of  lead  contains  about 
twelve  times  as  much  matter  as  a  piece  of  cork  of  the  same 
dimensions,  and  therefore  a  piece  of  lead  of  any  given  size, 
and  a  piece  of  cork  twelve  times  as  large,  will  attract  each 
other  equally. 

Capillary  Attraclion.  The  force  by  which  small  tubes,  or 
porous  substances,  raise  liquids  above  their  levels,  is  called 
capillary  attraction. 

If  a  small  glass  tube  be  placed  in  water,  the  water  on  the 
inside  will  be  raised  above  the  level  of  that  on  the  outside  of 

Give  an  example  of  this  rule.  How  is  it  shown  that  the  intensity  of 
light  incripases  and  diminishes  in  the  same  proportion  as  the  attraclion 
of  matter?  Do  bodies  attract,  in  proportion  to  bulk,  or  quantity  of 
matter?  What  would  be  the  difference  of  attraction  between  a  cubic 
inch  of  lead,  and  a  cubic  inch  of  cork?  Why  would  there  be  so  much 
difference?  Wh?it  is  meant  by  capillary  attraction?  How  is  this  kind 
of  attraction  illustrated  with  a  glass  tube  ? 
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the  tube.  The  cause  of  this  seems  to  be  nothing  more  than 
the  ordinary  attraction  of  the  particles  of  matter  for  each  other. 
The  sides  of  a  small  orifice  are  so  near  each  other,  as  to  at- 
tract the  particles  of  the  fluid  on  their  opposite  sides,  and  as 
all  attraction  is  strongest  in  the  direction  of  the  greatest 
quantity  of  matter,  the  water  is  raised  upwards,  or  in  the  di- 
rection of  the  length  of  the  tube.  On  the  outside  of  the  tube, 
the  opposite  surfaces,  it  is  obvious,  cannot  act  on  the  same 
column  of  water,  and  therefore  the  influence  of  attraction  is 
here  hardly  perceptible  in  raising  the  fluid.  This  seems  to 
be  the  reason  why  the  fluid  rises  higher  on  the  inside  than  on 
the  outside  of  the  tube. 

A  great  variety  of  porous  substances  are  capable  of  this  kind 
of  attraction.  If  a  piece  of  sponge,  or  a  lun\p  of  sugar  be 
placed,  so  that  its  lowest  corner  touches  the  water,  the  fluid 
will  rise  up  and  wet  the  whole  mass.  In  the  same  manner, 
the  wick  of  a  lamp  will  carry  up  the  oil  to  supply  the  flame, 
though  the  flame  is  several  inches  above  the  level  of  the  oil. 
If  the  end  of  a  towel  happens  to  be  left  in  a  basin  of  water,  it 
will  empty  the  basin  of  its  contents.  And  on  the  same  princi- 
ple, when  a  dry  wedge  of  wood  is  driven  into  the  crevice  of  a 
rock,  and  afterwards  moistened  with  water,  as  when  the  rain 
falls  upon  it,  it  will  absorb  the  water,  swell,  and  sometimes 
spht  the  rock.  In  Germany,  mill-stone  quarries  are  worked 
in  this  manner. 

Chemical  attraction  takes  place  between  the  particles  of 
substances  of  different  kinds,  and  unites  them  into  one  com- 
pound. 

This  species  of  attraction  takes. place  only  between  the 
particles  of  certain  substances,  and  is  not,  therefore,  a  uni- 
versal property.  It  is  also  known  under  the  name  o^  chemical 
affinity y  because  it  is  said,  that  the  particles  of  substances 
having  an  affinity  between  them,  will  unite,  while  those  hav- 
ing no  aflSnity  for  each  other  do  not  readily  enter  into  union. 
There  seem,  indeed,  in  this  respect,  to  be  very  singular  pre- 
ferences, and  dislikes,  existing  among  the  particles  of  matter. 
Thus,  if  a  piece  of  marble  be  thrown  into  sulphuric  acid, 
their  particles  will  unite  with  great  rapidity,  and  commotion. 

Why  does  the  water  rise  higher  in  the  tube,  than  it  does  on  the  out- 
side ?  Give  some  common  illustrations  of  this  principle.  Wliat  is  the 
effect  of  chemical  attraction  i  By  what  other  name  is  this  kind  of  at- 
traction known  >  What  effect  is  produced  when  marble  and  sulphuric 
acid  are  brought  together  .' 
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and  there  results  a  compound  differing  in  all  respects  from 
the  acid  or  the  marble.  But  if  a  piece  of  glass,  quartz,  gold, 
or  silver,  be  thrown  into  the  acid,  no  change  is  produced  on 
either,  because  these  particles  have  no  affinity.  ' 

Sulphur  and  quicksilver,  when  heated  together,  will  form  a 
beautiful  red  compound,  known  under  the  name  of  vermilion, 
and  which  has  none  of  the  qualities  of  sulphur,  or  quicksilver. 
Oil  and  water  have  no  affinity  for  each  other,  but  potash 
has  an  attraction  for  both,  and  therefore  oil  and  water  will 
unite,  when  potash  is  mixed  with  them.  In  this  manner,  the 
well  known  article  called  soap  is  formed.  But  the  potash  has 
a  stronger  attraction  for  an  acid  than  it  has  for  either  the  oil 
or  the  water  ;  and  therefore  when  soap  is  mixed  with  an  acid, 
the  potash  leaves  the  oil,  and  unites  with  the  acid,  thus  de- 
stroying the  old  compound,  and  at  the  same  instant  forming  a 
new  one.  The  same  happens  when  soap  is  dissolved  in  any 
water  containing  an  acid,  as  the  water  of  the  sea  and  of  cer- 
tain wells.  The  potash  leaves  the  oil,  and  unites  with  the 
acid,  thus  leaving  the  oil  to  rise  to  the  surface  of  the  water. 
Such  waters  are  called  hai-d,  and  'will  not  wash,  because  the 
acid  renders  the  potash  a  neutral  substance. 

Magnetic  AUractioyi.  There  is  a  certain  ore  of  iron,  a 
piece  of  which,  being  suspended  by  a  thread,  will  always 
turn  one  of  its  sides  to  the  north.  This  is  called  the  load' 
stone,  or  natural  Magnet,  and  when  it  is  brought  near  a  piece 
of  iron,  or  steel,  a  mutual  attraction  takes  place,  and  under 
certain  circumstances,  the  two  bodies  will  come  together  and 
adhere  to  each  other.  This  is  called  Magnetic  Attraction. 
When  a  piece  of  steel  or  iron  is  rubbed  with  a  Magnet,  the 
same  virtue  is  communicated  to  the  steel,  and  it  will  attract 
other  pieces  of  steel,  and  if  suspended  by  a  string,  one  of  its 
ends  will  constantly  point  towards  the  north,  while  the  other 
of  course,  points  towards  the  south.  This  is  called  an  artificial 
Magnet.  The  magnetic  needle  is  a  piece  of  steel,  first  touched 
with  the  loadstone,  and  then  suspended,  so  as  to  turn    easily 

What  is  the  effect  when  glass  and  this  acid  are  brought  together  ? 
What  is  the  reason  of  this  difference  ■'  How  may  oil  and  water  be  made 
to  unite  ?  What  is  the  composition  thus  formed  called  ?  How  does  an 
acid  destroy  this  compound  ?  What  is  the  reason  that  hard  water  will 
notv/ash?  Whatis  a  natural  magnet ?  What  is  meant  by  magnetic 
attraction  ?     What  is  an  artificial  magnet  ?   What  is  a  ma'^netic  needle' 
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on  a  point.     By  means  of  this  instrument,  the  mariner  guides 
his  ship  through  the  pathless  ocean.     See  'lagnetism. 

Eleclrical  Attraction.  When  a  piece  of  glass,  or  sealing 
wax  is  rubbed  with  the  dry  hand,  or  a  piece  of  cloth,  and  then 
held  towards  any  light  substance,  such  as  hair,  or  thread, 
the  light  body  will  be  attracted  by  it,  and  will  adhere  for  a 
moment  to  the  glass  or  wax.  The  influence  which  thus 
moves  the  light  body  is  called  Electrical  Attraction.  When 
the  light  body  has  adhered  to  the  surface  of  the  glass  for  a 
moment,  it  is  again  thrown  off,  or  repelled,  and  this  is  called 
Electrical  Repulsion.     See  Electricity. 

We  have  thus  described  and  illustrated  all  the  universal,  or 
inherent  properties  of  bodies,  and  have  also  noticed  the 
several  kinds  of  attraction  which  are  peculiar,  namely.  Chem- 
ical, Magnetic,  and  Electrical.  There  are  still  several 
properties  to  be  mentioned.  Some  of  them  belong  to  certain 
bodies  in  a  peculiar  degree,  while  other  bodies  possess  them 
but  slio-htly.  Others  belong  exclusively  to  certain  substances, 
and  not  at  all  to  others.     These  properties  are  as  follows. 

Density.  This  property  relates  to  the  compactness  of 
bodies,  or  the  number  of  particles  which  a  body  contains 
within  a  given  bulk.  It  is  closeness  of  texture.  Bodies 
which  are  most  dense,  are  those  which  contain  the  least 
number  of  pores.  Hence  the  densit)  of  the  metals  is  much 
greater  than  the  density  of  wood.  Two  bodies  being  of  equal 
bulk,  that  which  weighs  most,  is  most  dense.  Some  of  the 
metals  may  have  this  quality  increased  by  hammering,  by 
which  their  pores  are  filled  up  and  their  particles  are  brought 
nearer  to  each  other.  The  density  of  air  is  increased  by 
forcing  more  into  a  close  vessel  than  it  naturally  contained.. 

Rarity.  This  is  the  quality  opi)osite  to  density,  and  means 
that  the  substance  to  which  it  is  applied  is  porous,  and  light. 
Thus  air,  water,  and  ether,  are  rare  substances,  while  gold, 
lead,  and  platina  are  dense  bodies. 

Hardness.  This  property  is  not  in  proportion,  as  might 
be  expected,  to  the  density  of  the  substance,  but  to  the  force 
with  which   the  particles   of  a  body   cohere,  or  keep  their 

What  is  its  use  ?  What  is  meant  by  electrical  ^attraction  ?  What 
is  electrical  repulsion  ?  What  is  density  ?  What  bodies  are  most 
dense  f  How  may  this  quality  be  increased  in  the  metals  ?  What  is 
rarity  ?  What  are  rare  bodies  ?  What  are  dense  bodies  ?  How  does 
hardness  differ  from  density  ? 
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places.  Glass,  for  instance,  will  scratch  gold  or  platina, 
though  these  metals  are  much  more  dense  than  glass.  It  is 
probable,  therefore,  that  these  metals  contain  the  greatest 
number  of  particles,  but  that  those  of  the  glass  are  more  firm- 
ly fixed  in  their  places. 

Some  of  the  metals  can  be  made  hard  or  soft  at  pleasure. 
Thus  steel  when  heated,  and  then  suddenly  cooled,  becomes 
harder  than  glass,  while  if  allowed  to  cool  slowly,  it  is  soft 
and  flexible. 

Elasticity  is  that  property  in  bodies  by  which  after  being 
forcibly  compressed  or  bent,  they  regain  their  original  state 
when  the  force  is  removed. 

Some  substances  are  highly  elastic,  while  others  want  this 
property  entirely.  The  separation  of  two  bodies  after  impact, 
or  striking  together,  is  a  proof  that  one  or  both  are  elastic. 
lu  general,  most  hard  and  dense  bodies,  possess  this  quality 
in  greater  or  less  degree.  Ivory,  glass,  marble,  flint,  and  ice 
are  elastic  solids.  An  ivory  ball,  dropped  upon  a  marble 
slab,  will  bound  nearly  to  the  height  from  which  it  fell,  and 
no  mark  will  be  left  on  either.  India  rubber  is  exceedmgly 
elastic,  and  on  being  thrown  forcibly  against  a  hard  body, 
v.'ill  bound  to  an  amazing  distance. 

Putty,  dough,  and  wet  clay,  are  examples  of  the  entire 
want  of  elasticity,  and  if  either  of  these  be  thrown  against 
an  impediment,  they  will  be  flattened,  stick  to  the  place  they 
touch,  and  never  like  elastic  bodies,  regain  their  former 
shapes. 

Among  fluids,  water,  oil,  and  in  general  all  such  substan. 
ces  as  are  denominated  liquids,  are  nearly  inelastic,  while  air 
and  the  gaseous  fluids,  are  the  most  elastic  of  all  bodies. 

Britileness  is  the  property  which  renders  substances  easily 
broken,  or  separated  into  irregular  fragments.  This  property 
belongs  chiefly  to  hard  bodies. 

It  does  not  appear  that  brittleness  is  entirely  opposed  to 
elasticity,  since  in  many  substances,  both  these  properties  are 
united.     Glass  is  the  standard,  or  type  of  brittleness,  and  yet 

Whj-  will  glass  scratch  gold  or  platina  ?  What  metal  can  be  made 
hard  or  soft  at  pleasure?  What  is  meant  by  elasticity?  How  is  it 
known  that  bodies  possess  this  property  ?  Mention  several  elastic 
solids.  Give  examples  of  inelastic  solids.  Do  liquids  possess  this 
property?  What  are  the  most  elastic  of  all  substances?  What  is 
brittleness  ?  Are  brittleness  and  elasticity  ever  found  in  the  same 
substance  ?     Give  examples. 
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a  ball,  or  fine  threads  of  this  substance  are  highly  elastic,  as 
may  be  seen  by  the  bounding  of  the  one,  and  the  springing 
of  the  other.  Brittleness  often  results  from  the  treatment  to 
which  substances  are  submitted.  Iron,  steel,  brass,  and 
copper,  become  brittle  when  heated  and  suddenly  cooled,  but 
if  cooled  slowly,  they  are  not  easily  broken. 

Malleability.  Capability  of  being  drawn  under  the  liam- 
mer,  or  rolling  press.  This  property  belongs  to  some  of  the 
metals,  but  not  to  all,  and  is  of  vast  importance  to  the  arts 
and  conveniences  of  life. 

The  Malleable  metals  are,  gold,  silver,  iron,  copper  and 
some  others.  Antimony,  bismuth,  and  cobalt  are  brittle 
metals.     Brittleness  is  therefore  the  opposite  of  malleability. 

Gold  is  the  most  malleable  of  all  substances.  It  may  be 
drawn  under  the  hammer  so  thin  that  light  may  be  seen 
through  it.  Copper  and  silver  are  also  exceedingly  malle- 
able. 

Ductility,  is  that  property  in  substances  which  renders 
them  susceptible  of  being  drawn  into  wire. 

We  should  expect  that  the  most  malleable  metals  would 
also  be  the  most  ductile  ;  but  experiment  proves  that  this  is 
not  the  case.  Thus  tin  and  lead  may  be  drawn  into  thin 
leaves,  but  cannot  be  drawn  into  small  wire.  Gold  is  the 
most  malleable  of  all  the  metals,  but  platina  is  the  most  duc- 
tile. Dr.  Wollaston  drew  platina  into  threads  not  much 
larger  than  a  spider's  web. 

Tenacity,  in  common  language  called  toughness,  refers  to 
the  force  of  cohesion  among  the  particles  of  bodies.  Tena- 
cious bodies  are  not  easily  pulled  apart.  There  is  a  remark- 
able difference  in  the  tenacity  of  different  substances.  Some 
possess  this  property  in  a  surprising  degree,  while  others  are 
torn  asunder  by  the  smallest  force. 

Among  the  malleable  metals,  iron  and  steel  are  the  most 
tenacious,  while  lead  is  the  least  so.  Steel  is  by  far  the  most 
tenacious  of  all  known  substances.  A  wire  of  this  metal 
no  larger  than  the  hundreth  part  of  an  inch  in  diameter 
sustained  a  weight  of  134  pounds,  while  a  wire  of  platina  of 

How  are  iron,  steel  and  brass,  made  brittle?  What  does  malleability 
mean?  What  metals  are  malleable,  and  what  ones  are  brittle?  Which 
is  the  most  malleable  metal?  What  is  meant  by  ductility?  Are  the 
most  malleable  metals,  the  :  lost  ductile?  What  is  meant  by  tenacity? 
From  what  does  this  property  arise?  What  metals  are  most  tena- 
cious? 
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the  same  size,  would  sustain  a  weight  of  only  16  pounds,  and 
one  of  lead  only  2  pounds.  Steel  wire  will  sustain  39,000 
feet  of  its  own  length  without  breaking. 

Recapitulation.  The  common,  or  essential  properties  of 
bodies  are  Impenetrability,  Extension,  Figure,  Divisibility, 
Inertia,  and  Attraction.  Attraction  is  of  several  kinds, 
namely,  attraction  of  cohesion,  attraction  of  gravitation,  ca- 
pillary  attraction,  chemical  attraction,  magnetic  attraction, 
and  electrical  attraction. 

The  peculiar  properties  of  bodies  are  density,  rarity,  hard- 
ness,  elasticity,  brittleness,  malleability,  ductlity  and  tena- 
city. 

Force  of  Gravity. 

The  force  by  which  bodies  are  drawn  towards  each  other 
in  the  mass,  and  by  which  they  descend  towards  the  earth 
when  let  fall  from  a  height,  is  called  the  force  of  gravity. 

The  attraction  which  the  earth  exerts  on  all  bodies  near  its 
surface,  is  called  terrestrial  gravity,  and  the  force  with  which 
any  substance  is  drawn  downwards,  is  called  its  weight. 

AH  fallin^x  bodies  tend  towards  the  centre  of  the  earth,  in  a 
straight  line  from  the  point  where  they  are  let  fall.  If  then  a 
body  be  let  fall  in  any  part  of  the  world,  the  line  of  its  direc- 
tion  will  be  perpendicular  to  the  earth's  surface.  It  follows, 
therefore,  that  two  falling  bodies,  on  opposite  parts  of  the 
earth,  mutually  fall  towards  each  other. 

Suppose  a  cannon  ball  to  be  disengaged  from  a  height  op- 
posite to  us,  on  the  other  side  of  the  earth,  its  motion  in  respect 
to  us,  would  be  upward,  while  the  downward  motion  from 
where  we  stand,  would  be  upward  in  respect  to  those  who 
stand  opposite  to  us,  on  the  other  side  of  the  earth. 

In  like  manner,  if  the  falling  body  be  a  quarter,  instead  of 
half  the  distance  round  the  earth  from  us,  its  line  of  direction 
would  be  directly  across,  or  at  right  angles  with  the  line  al- 
ready  supposed. 

What  proportion  does  (he  tenacity  of  steel  bear  to  that  of  plalina 
and  lead?  What  are  the  essential  properties  of  bodies?  How  many 
kinds  of  attraction  are  there  ?  What  are  the  peculiar  properties  of 
bodies?  What  is  gravity?  What  is  terrestrial  gravity?  To  what 
point  in  the  earth  do  falling  bodies  tend  ?  In  what  direction  will  two 
falling  bodies  from  opposite  parts  of  the  earth  tend,  in  respect  to  each 
other  ?  In  what  direction  will  one  from  half  w  ay  between  them  meet 
their  Ime  ? 
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This  will  he  readily  under- 
stood by  fig.  4,  where  the 
Circle  is  supposed  to  be  the 
circumference  of  the  earth, 
a,  the  ball  falling  towards  its 
upper  surface,  where  we 
stand;  h,  a  ball  falling  to- 
Avards  the  opposite  side  of  the 
^^  earth,  but  ascending  in  res- 
pect  to  us,  and  d,  a  ball  de- 
scending at  the  distance  of  a 
quarter  of  the  circle,  from 
the  other  two,  and  crossing 
the  line  of  their  direction  at 
right  angles. 

It  will  be  obvious,  there- 
fore, that  what  we  call  7/p  and 
down  are  merely  relative  terms,  and  that  what  is  down  in  re- 
spect to  us,  is  up  in  respect  to  those  who  live  on  the  opposite 
side  of  the  earth,  and  so  the  contrary.  Consequently  down, 
every  where  means  towards  the  ceiitre  of  the  earth,  and 
wp  from  the  centre  of  the  earth  ;  because  all  bodies  de- 
scend towards  the  earth's  centre,  from  whatever  part  they  are 
let  fall  This  will  be  apparent,  when  we  consider,  that  as  the 
earth  turns  over  every  24  hours,  we  are  carried  with  it  throufh 
the  points  a,  d,  and  b,  fig.  4 ;  and  therefore,  if  a  bail  is  sup- 
posed to  fall  from  the  point  a,  say  at  12  o'clock,  and  the  same 
ball  to  fall  again  from  the  same  point  above  the  earth,  at  G 
o'clock,  the  two  lines  of  direction  will  be  at  right  angles,  as  rep- 
resented in  the  figure,  for  that  part  of  the  earth  which  was  under 
a  at  12  o'clock,  will  be  under  r?  at  6  o'clock,  the  earth  having  in 
that  time  performed  one  quarter  of  its  daily  revolution.  At  12 
o'clock  at  night,  if  the  ball  be  supposed  to  fall  again,  its  line 
of  direction  will  be  at  right  angles  with  that  of  its  last  decent, 
and  consequently  it  will  ascend  in  respect  to  the  point  on  which 
it  fell  12  hours  before,  because  the  earth  would  have  then 

How  is  tliis  shown  by  the  Ggaie'  Are  the  terms  up  and  down  rela- 
tive, or  positive,  in  their  meaning-?  \\'hat  is  understood  by  down  in 
any  part  of  tlie  earth.'  Suppose  a  ball  be  let  fall  at  12  and  then  at  6 
o'clock,  in  wh,at  direction  would  the  lines  of  their  descent  meet  eacJi 
other?  Suppose  two  balls  to  descend  from  opposite  sides  of  the  earthy 
what  would  be  their  direction  in  respect  to  each  other? 

3* 
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crone  through  one  half  her  daily  rotation,  and  the  point  a 
would  be  at  h. 

The  velocity  or  rapidity  of  every  falling  body,  is  uniformly 
accelerated,  or  increased  in  its  approach  towards  the  earth, 
from  whatever  height  it  falls. 

If  a  rock  is  rolled  from  a  steep  mountain,  its  motion  is  at 
first  slow  and  gentle,  but  as  it  proceeds  downward,  it  moves 
with  perpetually  increased  velocity,  seeming  to  gather  fresh 
speed  every  moment,  until  its  force  is  such  that  every  obstacle 
is  overcome  ;'  trees  and  rocks  are  beat  from  its  path,  and  its 
motion  does  not  cease  until  it  has  rolled  to  a  great  distance  on 
the  plain. 

The  same  principle  of  increased  velocity  as  bodies  descend 
from  a  height,  is  curiously  illustrated  by  pouring  molasses 
or  thick  syrup  from  an  elevation  to  the  ground.  The  bulky 
stream,  of  perhaps  two  inches  in  diameter,  where  it  leaves  the 
vessel,  as  it  descends,  is  reduced  to  the  size  of  a  straw,  or 
knitting  needle  ;  but  what  it  wants  in  bulk  is  made  up  in  ve- 
locity, for  the  small  stream  at  the  ground,  will  fill  a  vessel 
just  as  soon  as  the  large  one  at  the  outlet. 

For  the  same  reason,  a  man  may  leap  from  a  chair  without 
danger,  but  if  he  jumps  from  the  house  top,  his  velocity  be- 
comes so  much  increased,  before  he  reaches  tiie  ground,  as 
to  endanger  his  life  by  the  blow. 

It  is  found  by  experiment,  that  the  motion  of  a  falling  body 
is  increased,  or  accelerated  in  regular  mathematical  proper- 
tions. 

These  increased  proportions  do  not  depend  on  the  increased 
weight  of  the  body,  because  it  approaches  nearer  the  centre  of 
the  earth,  but  on  the  constant  operation  of  the  force  of  gravi- 
ty,  which  perpetually  gives  new  impulses  to  the  falling  body, 
and  increases  its  velocity. 

It  has  been  ascertained  by  experiment,  that  a  body,  falling 
freely,  and  without  resistance,  passes  through  a  space  of  16 
feet  and  1  inch  during  the  first  second  of  time.  Leaving  out 
the  inch,  which  is  not  necessary  for  our  present  purpose,  the 
ratio  of  descent  is  as  follows. 

Suppose  the  body  falls  through  a  space  equal  to  16  feet  the 

What  is  said  concerning  the  motions  of  falling  bodies  >  How  is  this 
increased  velocity  illustrated?  Why  is  there  any  more  danger  in  jump- 
ing from  the  house  top  than  from  a  chair  ?  W  hat  number  of  feet  does 
a  falling  body  [lass  through  during  the  first  second  ? 
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first  second  of  time  ;  at  the  end  of  this  space  and  time,  it  will 
have  acquired  such  a  degree  of  celerity  as  is  sufficient  to  carry 
it  through  twice  this  spaCe  during  the  next  second,  though  it 
should  then  receive  no  new  impulse  from  the  cause  by  which 
its  motion  had  been  accelerated  ;  but  if  the  same  accelerating 
cause    continue,    it  will  carry  the  body  16  feet  further ;  on 
which  account,  it  will  have  fallen  in  all  four  times  16  feet,  or 
64  feet  at  the  end  of  the  second  second  ;  and  then  it  will  have 
acquired  such  a  degree  of  celerity  as  is  sufficient  to  carry  it 
through  a  double  space  in  as  much  more  time  ;  that  is  4  times 
16  feet  in  one  second  more,  even  though  the  force  of  gravity, 
or  the  accelerating  force  should  cease  to  act.     But  this  force 
still  continuing  to  act  in  a  uniform  manner,  it  will  again  in 
equal  time  produce  an  equal  effect,  and  will  therefore  add  16 
feet  to  the  velocity  already  acquired,  at  the  end  of  the  second 
second,  which  being  64  feet,  it  will  fall  80  feet,  or  five  times 
as  far  the  third  second,  as  it  did  the  first.     In  three  seconds, 
the  velocity  acquired  will  be  3  times  that  acquired  at  the  end 
of  the  first  second,  which  being  twice  16  feet,  is  equal  to  G 
times  16  feet,  to  which,  again,  is  to  be  added  the  accelerating 
force  16  feet,   making  7  times  16  feet  for  the  space  passed 
through  during  the  fourth  second. 

Hence  we  leurn  that  if  a  body  moves  at  the  rate  of  16  feet 
during  the  first  second,  it  will  move  48  feet  during  the  next 
second,  making  in  all  64  feet  at  the  end  of  the  second  second, 
5  times  16  during  the  third,  or  80  feet,  and  7  times  16,  or  112 
feet  in  the  4th  second,  and  so  on  in  this  proportion. 

Thus  it  appears,  that  to  ascertain  the  velocity  with  which  a 
body  falls  in  any  given  time,  we  must  know  how  many  feet  it 
fell  durinfT  the  first  second.  The  velocity  acquired  in  one 
second,  an'd  the  space  fallen  through  during  that  time  bemg 
the  fundaiTiental  elements  of  the  whole  calculation,  and  all 
that  are  necessary  for  the  computation  of  the  various  circum- 
stances of  falling  bodies.  c    x-  u- 

The  difficulty  of  calculating  exactly  the  velocity  ot  a  tailing 
body  from  an  actual  measurement  of  its  height,  and  the  time 

How  far  does  it  fall  during  the  next  second  ?  How  far  during  the 
third '  Suppose  the  accelerating  force  should  cease  at  the  beginning  ot 
the  third  second  ;  how  far  would  it  fall  during  tliat  second  ?  Why  does 
it  fall  more  than  this  during  that  second  ?  How  many  times  16  feet 
does  a  body  move  in  the  4th  second  ?  What  are  the  tvmdamental  ele- 
j^icnts  by  which  the  velocity  of  a  falling  body  may  be  computed  ? 
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which  it  takes  to  reach  the  ground,  is  so  great,  that  no  accu- 
rate computation  could  be  made  from  such  an  experiment. 

This  difficulty  has,  however,  been  overcome  by  a  curious 
piece  of  machinery,  invented  for  this  purpose  by  Mr.  Atwood. 
Fig.  5.  This  machine  consists  of  two 

upright  posti  of  wood,  fig.  5,  witli 
cross piec(!S,  as  shewn  in  the  fig- 
ure.    The  weights  A  and  5,  are 
of  the  same  size,  and  made  toba- 
lance  each  other  very  exactly, 
and  are  connected  by  the  thread 
which  passes  over  the  wheel  C. 
i^  is  a  ring   through  which  the 
weight  A  passes,  and  G  is  a  stage 
on  v\  hich  the  weight  rests  in  its 
descent.      The  ring  and  stage 
both  slide  up  and  down,  and  are 
fixed    at    pleasure    by    thumb 
screws.     The  post  H,  1,  is  a 
graduated  scale,  and  the  pendu- 
lum  it,  is  kept  in  motion  by  clock- 
work.    L,  is  a  small  bar  of  met- 
al,  weighing   a  quarter  of  an 
ounce,  and   \ongex  than  the  di- 
ame!er  of  the  ring  F. 

V,  hen  the  machine  is  to  be 
used,  the  weight  is  drawn  up  to 
the  top  of  the  scale,  and  the  rino- 
and  stage  are  placed  a  certain 
riumi  erof  inches  from  each  other. 
The  3ma!l  bar  h,  is  then  placed 

....         ^  acro."^  s  the  weiglit  ^1,  by  means  of 

which  It  IS  made  slowly  to  descen  1.  When  it  has  descended 
to  the  rmg,  the  small  weight  L,  is  taken  off  by  the  ring,  and 
thus  the  two  weights  are  left  equal  to  each  other.  Now  it 
must  be  observed,  that  the  motion,  and  descent  of  the  weight 
A  IS  entirely  owing  to  the  gravitadng  force  of  the  weight  Z 
until  It  arrives  at  the  ring  7-;  when  che  action  of  gravity  is  sus- 
pended, and  the  large  weight  continues  to  move  downwards 

Is  the  velocity  of  a  falling  body  calcniated  from  actual  mcasurerDeni 
or  by  a  machine  i"  Describe  the  operation  of  Mr.  Atwoodl  maS 
for  estimating  tLe  velocities  of  falling  bodies.        '•'"'''  ""'^  '  '"^''^'"^ 
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to  the  stage,  in  consequence  of  the  velocity  it  had  acquired 
previously  to  that  time. 

To  comprehend  the  accuracy  of  this  machine,  it  must  be 
understood  that  the  velocities  of  gravitating  bodies  are  sup- 
posed to  be  equal,  whether  they  are  large  or  small,  this  being 
the  case  when  no  calculation  is  made  for  the  resistance  of  the 
air.  Consequently,  the  weight  of  a  quarter  of  an  ounce  placed 
on  the  large  weight  A,  is  a  representative  of  all  other  solid 
descending  bodies.  The  slowness  of  its  descent,  when  com- 
pared with  freely  gravitating  bodies,  is  only  a  convenience  by 
which  its  motion  can  be  accurately  measured,  for  it  is  the 
increase  of  velocity  which  the  machine  is  designed  to  ascer- 
tain, and  not  the  actual  velocity  of  falling  bodies. 

Now  it  will  be  readily  comprehended,  that  in  this  respect, 
it  makes  no  difference  how  slowly  a  body  falls,  provided  it 
follows  the  same  laws  as  other  descending  bodies,  and  it  has 
already  been  stated,  that  all  estimates  on  this  subject  are  made 
from  the  known  distance  a  body  descends  during  the  first 
second  of  time. 

It  follows,  therefore,  that  if  it  can  be  ascertained,  exactly 
how  much  faster  a  body  falls  during  the  third,  fourth,  or  fifth 
second,  than  it  did  during  the  first  second,  by  knowing 
how  far  it  fell  during  the  first  second,  we  should  be  able  to 
estimate  the  distance  it  would  fall  during  all  succeeding 
seconds. 

If,  then,  by  means  of  a  pendulum  beating  seconds,  the 
weight  A  should  be  found  to  descend  a  certain  number  of 
inches  during  the  first  second,  and  another  certain  number 
durincr  the  next  second,  and  so  on,  the  ratio  of  increased  de- 
scent°would  be  precisely  ascertained,  and  could  be  easily  ap- 
plied to  the  falling  of  other  bodies ;  and  this  is  the  use  to  which 
this  instrument  is  applied. 

By  this  machine,  it  can  also  be  ascertained,  how  much  the 
actual  velocity  of  a  falling  body  depends  on  the  force  of  grayi- 
ty,  and  how  much  on  acquired  velocity,  for  the  force  of  gravity 
gives  motion  to  the  descending  weight  only  until  it  arrives  at 

After  the  small  weight  is  taken  off  by  the  ring,  why  does  the  large 
weight  continue  to  descend  ?  Does  this  machine  shew  the  actual  velo- 
city of  a  fallinffbody,  or  only  its  increase?  How  does  Mr.  Atwood's 
machine  show,  how  much  the  celerity  of  a  body  depends  upon  gravity, 
and  how  much  on  acquired  velocity  ? 
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the  ring,  after  which  the  motion  is  continued  by  the  velocity 
it  had  before  acquired. 

From  experiments  accurately  made  with  this  machine,  it  has 
been  fully  established,  that  if  the  time  of  a  falling  body  be  di- 
vided  into  equal  parts,  say  into  seconds,  the  spaces  through 
which  it  falls  in  each  second,  taken  separately,  will  be  as  the 
odd  numbers,  1,  3,  5,  7,  9,  and  so  on,  as  already  stated.  To 
make  this  plain,  suppose  the  times  occupied  by  the  falling  body 
to  be  1,  2,  3,  and  4  seconds  ;  then  the  spaces  fallen  through 
will  be  as  the  squares  of  these  seconds,  or  times,  viz.  1,4,  9, 
and  16,  the  square  of  1  being  1,  the  square  of  3  being  4,  the 
square  of  3,  9,  and  so  on.  The  distance  fallen  through,  there- 
fore, during  the  second  second,  may  be  found,  by  taking  1, 
the  distance  corresponding  to  one  second,  from  4,  the  distance 
corresponding  to  2  seconds,  and  is  therefore  3.  For  the  3d 
second,  take  4  from  9,  and  therefore  the  distance  will  be  5. 
For  the  fourth  second,  take  9  from  IG,  and  the  distance  will 
be  7,  and  so  on.  During  the  first  second,  then,  the  body  falls 
a  certain  distance,  during  the  next  second,  it  falls  three  times 
that  distance,  during  the  third,  five  times  that  distance,  during 
the  fourth,  seven  times  that  distance,  and  so  continually  in 
that  proportion. 

It  will  be  readily  conceived,  that  solid  bodies  falling  from 
great  heights,  must  ultimately  acquire  an  amazing  velocity 
by  this  proportion  of  increase.  An  ounce  ball  of  lead,  let 
fall  from  a  certain  height  towards  the  earth,  would  thus 
acquire  a  force  ten  or  twenty  times  as  great  as  when  shot 
out  of  a  rifle.  By  actual  calculation,  it  has  been  found  that 
were  the  moon  to  lose  her  projectile  force,  which  counter- 
balances the  earth's  attraction,  she  would  fall  to  the  earth 
in  four  days  and  twenty  hours,  a  distance  of  240,000  miles. 
And  were  the  earth's  projectile  force  destroyed,  it  would  fall 
to  the  sun  in  sixty- four  days  and  ten  hours,  a  distance  of 
95,000,000  of  miles. 

Every  one  knows  by  his  own   experience  the  different 

Suppose  the  times  of  a  falling  body  are  as  the  numbers  \,  2, 3, 4,  what 
will  be  the  numbers  representing  the  spaces  through  which  it  falls? 
Suppose  a  body  falls  16  feet  the  first  second,,  how  far  will  it  fall  the 
third  second. -"  Would  it  be  possible  for  a  rifle  ball  to  acquire  a  greater 
force  by  falling,  than  if  shot  from  a  rifle  ?  How  long  would  it  take  the 
Moon  to  come  to  the  earth,  according  to  the  law  of  increased  velocity  ? 
How  lopg  would  it  take  the  earth  to  fall  to  the  sun? 
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effects  of  the  same  body  falling  from  a  great  or  a  small 
height.  A  boy  will  toss  up  his  leaden  bullet  and  catch  it 
with  his  hand,  but  he  soon  learns  by  its  painful  effects,  not  to 
throw  it  too  high.  The  effects  of  hail-stones  on  window 
glass,  animals,  and  vegetation,  are  often  surprisin"-,  and 
sometimes  calamitous  illustrations  of  the  velocity  of  fallincr 
bodies. 

It  has  been  already  stated  that  the  velocities  of  solid  bodies 
falling  from  a  given  height,  towards  the  earth  are  equal,  or  in 
other  words,  that  an  ounce  ball  of  lead  will  descend  in  the 
same  time  as  a  pound  ball  of  lead. 

This  is  true  in  theory,  but  there  is  a  slight  difference  in 
this  respect  in  favor  of  the  velocity  of  the  larger  body,  owing 
to  the  resistance  of  the  atmosphere.  We,  however,  shall  at 
present  consider  all  solids  of  whatever  size,  as  descending 
through  the  same  spaces  in  the  same  times,  this  being  exactly 
true  when  they  pass  without  resistance. 

To  comprehend  the  reason  of  this  we  have  only  to  con- 
sider, that  the  attraction  of  gravitation  in  acting  on  a  mass 
of  matter  acts  on  every  particle  it  contains.  This  being 
true,  every  particle  is  drawn  down  equally  and  with  the  same 
force.  The  effect  of  gravity  therefore,  is  in  exact  proportion 
to  the  quantity  of  matter  the  mass  contains,  and  not  in  propor- 
tion to  its  bulk.  A  ball  of  lead  of  a  foot  in  diameter,  and 
one  of  wood  of  the  same  diameter  are  obviously  of  the  same 
bulk ;  but  the  lead  will  contain  twelve  particles  of  matter 
where  the  wood  contains  one,  and  consequently  will  be 
attracted  with  twelve  times  the  force,  and  therefore  will 
weigh  twelve  times  as  much. 

If  then,  bodies  attract  each  other  in  proportion  to  the 
quantities  of  matter  they  contain,  it  follows  that  if  the  mass 
of  the  earth  Avere  doubled,  the  weights  of  all  bodies  on  its 
surface  would  also  be  doubled  ;  and  if  its  quantity  of  matter 
were  tripled,  all  bodies  would  weigh  three  times  as  much  as 
they  do  at  present. 

It  follows  also,  that  two  attracting  bodies,  when  free  to 
move,  must  approach  each  other  mutually.     If  the  two  bodies 

What  familiar  illustrations  are  given  of  the  force  acquired  by  the  ve- 
locity of  falling  bodies  ?  Will  a  small  and  a  large  body  fall  through 
the  same  space  in  the  same  time  ?  On  what  parts  of  a  mass  of  matter 
does  the  force  of  gravity  act  ?  Is  (he  effect  of  gravity  in  proportion  to 
bulk,  or  quantity  of  matter  ?  Were  the  mass  of  the  earth  doubled, 
how  much  more  should  we  weigh  than  we  do  now  ? 
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contain  like  quantities  of  matter,  their  approach  will  be 
equally  rapid,  and  they  will  move  equal  distances  towards 
each  other.  But  if  the  one  be  small  and  the  other  large,  the 
small  one  will  approach  the  other  with  a  rapidity  proportioned 
to  the  less  quantity  of  matter  it  contains. 

It  is  easy  to  conceive,  that  if  a  man  in  one  boat  pulls  at  a 
rope  attached  to  another  boat,  the  two  boats,  if  of  the  same 
size,  will  move  towards  each  other  at  the  same  rate  ;  but  if 
the  one  be  large  and  the  other  small,  the  rapidity  with  which 
each  moves  will  be  in  proportion  to  its  size,  the  large  one 
moving  with  as  much  less  velocity  as  its  size  is  greater. 

A  man  in  a  boat  pulling  a  rope  attached  to  a  ship,  seems 
only  to  move  the  boat,  but  that  he  really  moves  the  ship  will 
be  obvious  when  it  is  considered,  that  a  thousand  boats  pull- 
ing in  the  same  manner  would  make  the  ship  meet  them  half 
way. 

It.  appears,  therefore,  that  equal  forces  acting  on  bodies 
containing  different  quantities  of  matter,  move  them  with 
different  velocities,  and  that  these  velocities  are  in  inverse 
proportion  to  their  quantities  of  matter. 

In  respect  to  equal  forces,  it  is  obvious  that  in  the  case 
of  the  ship  and  single  boat,  they  were  moved  towards  each 
other  by  the  same  force,  that  is,  the  force  of  a  man  pulling  by 
a  rope.  The  principle  holds  in  respect  to  attraction,  for  all 
bodies  attract  each  other  equally,  according  to  the  quantities 
of  matter  they  contain,  and  since  all  attraction  is  mutual,  no 
body  attracts  another  with  a  greater  force  than  that  by  which 
it  is  attracted. 

Suppose  a  body  to  be  placed  at  a  distance  from  the  earth 
weighing  two  hundred  pounds  ;  the  earth  would  then  attract 
the  body  with  a  force  equal  to  two  hundred  pounds,  and  the 
body  would  attract  the  earth  with  an  equal  force,  otherwise 
their  attraction  would  not  be  equal  and  mutual.  Another  body 
weighing  10  pounds,  would  be  attracted  with  a  force  equal 
to  10  pounds,  and  so  of  all  bodies  according  to  the  quantity  of 

Suppose  one  body  moving  towards  another,  three  times  as  large,  by 
the  force  of  gravity,  what  wou  Id  be  their  proportional  velocities  ?  How 
is  this  illustrated  ?  Docs  a  large  body  attract  a  small  one  with  any 
more  force  than  it  is  attracted  ?  Suppose  a  body  weighing  200  pounds 
to  be  placed  at  a  distance  from  the  earth,  with  how  much  force  does 
the  earth  attract  the  body  ?  With  what  force  does  the  body  attract 
the  earth  ? 
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matter  they  contain  ;  each  body  being  attracted  by  the  earth 
with  a  force  equal  to  its  own  weight,  and  attracting  the  earth 
with  an  equal  tbrce. 

If  the  man  in  the  boat  pulled  the  rope  with  the  force  of 
100  pounds,  it  is  plain  that  the  force  on  each  vessel  would 
be  100  pounds  ;  for  suppose  each  end  of  the  rope  to  be  thrown 
over  a  pulley,  and  a  weight  of  50  pounds  attached  to  these 
ends,  it  would  take  just  100  pounds  in  the  middle  of  the  rope 
to  balance  them. 

It  is  plain  from  these  principles,  that  all  attracting  bodies 
which  are  free  to  move,  mutually  approach  each  other,  and 
therefore  that  the  earth  moves  towards  every  body  which  is 
raised  from  its  surface,  with  a  velocity  and  to  a  distance  pro- 
portional to  the  quantity  of  matter  thus  elevated  from  its 
surface.  But  the  velocity  of  the  earth  being  as  many  times 
less  than  that  of  the  falling  body  as  its  mass  is  greater,  it  fol- 
lows that  its  motion  is  not  perceptible  to  us. 

The  following  calculation  will  shew  how  immense  a  mass 
of  matter  it  would  take,  to  disturb  the  earth's  gravity  in  a  per- 
ceptible  manner. 

If  a  ball  of  earth  equal  in  diameter  to  the  tenth  part  of  a 
mile,  were  placed  at  the  distance  of  the  tenth  part  of  a  mile 
from  the  earth's  surface,  the  attracting  powers  of  the  two 
bodies  would  be  in  the  ratio  of  about  512  millions  of  miUions 
to  one.  For  the  earth's  diameter  being  about  8000  miles, 
the  two  bodies  would  bear  to  each  other  about  this  proportion. 
Consequently  if  the  tenth  part  of  a  mile  were  divided  into 
512  million  of  millions  of  equal  parts,  one  of  these  parts 
would  be  nearly  the  space  through  which  the  earth  would 
move  towards  the  falling  body.  Now  in  the  tenth  part  of  a 
mile  there  are  about  6400  inches,  consequently  this  number 
must  be  divided  into  512  millions  of  millions  of  parts,  which 
would  give  the  eighty  thousand  millionth  part  of  an  inch 
through  which  the  earth  would  move  to  meet  a  body  of  the 
tenth  part  of  a  mile  in  diameter. 

Suppose  aman  in  one  boat,  pulls  with  the  force  of  100  pounds  at  a 
rope  fastened  to  another  boat,  what  would  be  the  force  on  each  boat  ? 
How  is  this  illustrated  ?  Suppose  the  body  falls  towards  the  earth,  is 
the  eartli  set  in  motion  by  its  attraction  ?  Why  is  not  the  earth's  mo- 
lion  towards  it  perceptible  ?  What  distance  would  a  body,  the  tenth 
part  of  a  mile  in  diameter,  placed  at  the  distance  of  a  tenth  part  of  a 
mile,  attract  the  earth  towardsit  ? 
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Ascent  of  Bodies. 
Having  now  explained  and  illustrated  the  influence  of 
gravity  on  bodies  moving  downward  and  horizontally,  it 
remains  to  show  how  matter  is  influenced  by  the  same  po-wer 
when  bodies  are  moving  upward,  or  contrary  to  the  force  of 
gravity. 

What  has  been  stated  in  respect  to  the  velocity  of  falling 
bodies  is  exactly    reversed   in   respect  to  those  which  are 
Fig.  6   thrown  upwards,  for  as  the  motion  of  a  falling  body 
d      is  increased  by  the  action  of  gravity,  so  is  it  retard- 
ed by  the  same  force,  when  thrown  upwards. 

A  bullet  shot  upwards,  every  instant  loses  a  part 
of  its  velocity,  until  having  arrived  at  the  highest  point, 
it  there  rests  an  instant,  and  then  returns  again  to  the 
earth. 

The  same  law  that  governs  a  descending  body, 
governs  an  ascending  one,  only  that  their  motions  are 
reversed. 

The  same  ratio  is  observed  to  whatever  distance  the 
ball  is  propelled,  for  as  the  height  to  which  it  is  thrown 
may  be  estimated  from  the  space  it  passes  through 
during  the  first  second,  so  its  returning  velocity  is  in 
alike  ratio  to  the  height  to  which  it  was  sent. 

This  will  be  understood  by  fig.  6.  Suppose  a 
ball  to  be  propelled  from  the  point  a,  with  a  force 
which  would  carry  it  to  the  point  h  in  the  first  second, 
to  c  in  the  next,  and  to  d  in  the  third  second.  It 
would  then  remain  nearly  stationary  for  an  instant,  and 
in  returning,  would  fall  through  exactly  the  same 
spaces  in  the  same  times,  only  that  its  direction  would 
be  reversed.  Thus  it  will  fall  from  d  to  c,  in  the  first 
second,  to  6  in  the  next,  and  to  a  in  the  third. 

Now  the  force  of  a  moving  body  is  as  its  velocity 
and  its  quantity  of  matter,  and  hence  the  same  ball 
will  fall  with  exactly  the  same  force  that  it  rises.  For 
instance,  a  ball  shot  out  of  a  rifle,  with  a  force  sufli- 
cient  to  overcome  a  certain  impediment,  on  returning, 
would  again  overcome  the  same  impediment. 

What  effect  does  the  force  of  gravity  have  on  bodies  moving  upward? 
Are  upward  and  downward  motion  governed  by  the  same  laws?  Ex- 
plain fig.  6.  Wliat  is  the  difference  between  the  upward  and  return- 
ing velocity  of  the  same  body? 
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Fall  of  Light  Bodies. 

It  has  been  stated  that  the  earth's  attraction  acts  equally 
on  all  bodies  containing  equal  quantities  of  matter,  and  that 
in  vacuo,  all  bodies,  whether  large  or  small,  descend  from 
the  same  heights  in  the  same  times. 

There  is  however,  a  great  differenee  in  the  quantities  of 
matter  which  bodies  of  the  same  bulk  contain,  and  conse- 
quently  a  difference,  in  the  resistance  which  they  meet  with 
in  passing  through  the  air. 

Now  the  fall  of  a  body  containing  a  large  quantity  of  matter 
in  a  small  bulk,  meets  with  little  comparative  resistance,  while 
the  fall  of  another,  containing  the  same  quantity  of  matter, 
but  of  larger  size,  meets  with  more  in  comparison,  for  it  is 
easy  to  see  that  two  bodies  of  the  same  size  meet  with 
exactly  the  same  actual  resistance.  Thus,  if  we  let  fall  a 
ball  of  lead  and  another  of  cork,  of  two  inches  in  diameter 
each,  the  lead  will  reach  the  ground  before  the  cork,  because, 
though  meeting  with  the  same  resistance,  the  lead  has  the 
greatest  power  of  overcoming  it. 

This  however  does  not  affect  the  truth  of  the  general  law 
already  established,  that  the  weights  of  bodies  are  as  the 
quantities  of  matter  they  contain.  It  only  shews  that  the 
pressure  of  the  atmosphere,  prevents  bulky  and  porous  sub- 
stances  from  falling  with  the  same  velocity  with  such  as  arc 
compact  or  dense. 

Were  the  atmosphere  removed,  all  bodies,  whether  light  or 
heavy,  large  or  small,  would  descend  with  the  same  velocity. 
This  fact  has  been  ascertained  by  experiment  in  the  following 
manner. 

The  air  pump  is  an  instrument,  by  means  of  which,  the 
air  can  be  pumped  out  of  a  close  vessel,  as  will  be  seen  un- 
der the  article  Pneumatics.  Taking  this  for  granted,  at 
present,  the  experiment  is  made  in  the  following  manner. 

Why  will  not  aeack  of  feathers  and  a  stone  of  the  same  size  fall 
through  the  air  in  the  same  time  ?  Does  this  affect  the  truth  of  the 
general  law  that  the  weights  of  bodies  are  as  their  quantities  of  mat- 
ter ?  What  would  be  the  effect  on  the  fall  of  light  and  heavy  bodies, 
were  the  atmosphere  removed  ? 
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On  the  plate  of  the  air  pump  A,  place 
the  tall  jar  B,  which  is  open  at  the  bottom, 
and  has  a  brass  cover  fitted  closely  to  the 
top.  Through  the  cover  let  a  wire  pass,  air 
tight,  having  a  small  cross  at  the  lower  end. 
On  each  side  of  this  cross,  place  a  little 
stage,  and  so  contrive  them  that  by  turning 
the  wire  by  the  handle  C,  these  stages  shall 
be  upset.     On  one  of  the    stages  place  a 

J,  guinea  or  any  other  heavy  body,  and  on  the 
other  place  a  feather.  When  this  is  arran- 
ged, let  the  air  be  exhausted  from  the  jar 
by  the  pump,  and  then  turn  the  handle  C,so 
that  the  guinea  and  feather  may  fall  from 
their  places,  and  it  will  be  found  that  they 
will  both  strike  the  plate  at  the  same  in- 
stant. Thus  is  it  demonstrated,  that  were 
it  not  for  the  resistance  of  the  atmosphere, 
a  bag  of  feathers  and  one  of  guineas  would 

-v^^  fall  from  a  given  height  with  the  same  ve- 
!  locity  and  in  the  same  time. 


Motion. 

Motion  may  be  defined,  a  continued  change  of  situation 
with  regard  to  a  fixed  point. 

Without  motion  there  would  be  no  rising  or  setting  of  the 
sun — no  change  of  seasons — no  fall  of  rain — no  building  of 
houses,  and  finally  no  animal  life.  Nothing  can  be  done 
without  motion,  and  therefore  without  it,  the  whole  universe 
would  be  at  rest  and  dead. 

In  the  language  of  philosophy,  the  power  which  puts  a  body 
in  motion,  is  called  force.  Thus  it  is  the  force  of  gravity 
that  overcomes  the  inertia  of  bodies,  and  draws  them  towards 
the  earth.  The  force  of  water  and  steam  gives  motion  to 
machinery,  &;c. 

For  the  sake  of  convenience,  and  accuracy  in  the  applica- 
tion of  terms,  motion  is  divided  into  two  kinds,  viz.  absolute 
and  relative. 

How  is  it  proved  that  a  feather  and  a  guinea  will  fall  through  equal 
spaces  in  the  same  time,  where  there  is  no  resistance  ?  How  will  you 
define  motion  ?  What  would  be  the  consequence,  were  all  motion  to 
cease  ?  What  is  that  power  called  which  puts  a  body  in  motion  ?  How 
is  motion  divided  ? 
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Absolute  motion  is  a  change  of  place  with  regard  to  a  fixed 
point,  and  is  estimated  without  reference  to  the  motion  of  any 
other  body.  When  a  man  rides  along  the  street,  or  when  a 
vessel  sails  through  the  water,  they  are  both  in  absolute 
motion. 

Relative  motion,  is  a  change  of  place  in  a  body,  with  re- 
spect to  another  body,  also  in  motion,  and  is  estimated  from 
that  other  body,  exactly  as  absolute  motion  is,  from  a  fixed 
point. 

The  absolute  velocity  of  the  earth  in  its  orbit  from  west  to 
east,  is  68,000  miles  in  an  hour  ;  that  of  Mars,  in  the  same 
direction,  is  55,000  miles  per  hour.  The  earth's  relative  velo- 
city in  this  case,  is  13,000  miles  per  hour  from  west  to  east. 
That  of  Mars  comparatively,  is  13,000  miles  from  east  to  west, 
because  the  earth  leaves  Mars  that  distance  behind  her,  as 
she  would  leave  a  fixed  point. 

Rest,  in  the  common  meaning  of  the  term,  is  the  opposite 
of  motion,  but  it  is  obvious,  that  rest  is  often  a  relative  term, 
.  since  an  object  may  be  perfectly  at  rest  with  respect  to  some 
things,  and  in  rapid  motion  in  respect  to  others.  Thus  a 
man  sitting  on  the  deck  of  a  steam-boat,  may  move  at  the  rate 
of  fifteen  miles  an  hour,  with  respect  to  the  land,  and  still  be 
at  rest  with  respect  to  the  boat.  And  so,  if  another  man  was 
running  on  the  deck  of  the  same  boat  at  the  rate  of  fifteen 
miles  the  hour  in  a  contrary  direction,  he  would  be  stationary 
in  respect  to  a  fixed  point,  and  still  be  running  with  all  his 
might,  with  respect  to  the  boat. 

Velocity  of  Motion. 

Velocity  is  the  rate  of  motion  at  which  a  body  moves  from 
one  place  to  another. 

Velocity  is  independent  of  the  weight  or  magnitude  of  the 
movinw  body.  Thus  a  cannon  ball  and  a  musket  ball,  both 
flying  at  the  rate  of  a  thousand  feet  in  a  second,  have  the  same 
velocities. 

Velocity  is  said  to  be  uniform,  when  the  moving  body  pass- 
es over  equal  spaces  in  equal  times.  If  a  steam-boat  moves  at 
the  rate  of  10  miles  every  hour,  her  velocity  is  uniform.  The 
revolution  of  the  earth  from  west  to  east  is  a  perpetual  exam- 
ple of  uniform  motion. 

What  is  absolute  motion  ?  What  is  relative  motion  ?  What  is  the 
earth's  relative  velocity  in  respect  to  Mars  ?  In  what  respect  is  a  man 
in  a  steam  boat  at  rest,  and  in  what  respect  does  he  move  ?  What  is 
velocity  ?     When  is  velocity  uniform  ? 
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Velocity  is  accelerated,  when  the  rate  of  motion  is  constantly- 
increased  ;  and  it  passes  through  unequal  spaces  in  equal 
times.  Thus  when  a  falling  body  moves  sixteen  feet  during 
the  first  second,  and  forty-eight  feet  during  the  next  second, 
and  so  on,  its  velocity  is  accelerated.  A  body  falling  from  a 
height  freely  through  the  air,  is  the  most  perfect  example  of 
this  kind  of  velocity. 

Retarded  velocity  is  when  the  rate  of  motion  of  the  body  is 
constantly  decreased,  and  it  is  made  to  move  slower  and  slow, 
er.  A  ball  thrown  upwards  into  the  air,  has  its  velocity  con. 
stantly  retarded  by  the  attraction  of  gravitation,  and  conse- 
quently, it  moves  slower  every  moment. 

Force,  or  Momentum  oj  Moving  Bodies. 

The  velocities  of  bodies  are  equal,  when  they  pass  over 
equal  spaces  in  the  same  time  ;  but  the  force  with  which  bo- 
dies, moving  at  the  same  rate,  overcome  impediments,  is  in 
proportion  to  the  quantity  of  matter  thev  contain.  This  pow- 
er,  or  force,  is  called  the  momentum  of  the  moving  body. 

Thus,  if  two  bodies  of  tlie  s-ime  weight  move  with  the  same 
velocity,  their  momenta  will  be  equal. 

Two  vessels,  each  of  a  hundred  tons,  sailing  at  the  rate  of 
six  miles  an  hour,  would  overcome  the  same  impediments,  or 
be  stopped  by  the  same  obstructions.  Their  momenta  would 
therefore  be  the  same. 

The  force,  or  momentum  of  a  moving  body,  is  in  proportion 
to  its  quantity  of  matter,  and  its  velocity. 

A  large  body  moving  slowly,  may  have  less  momentum  than 
a  small  one  moving  rapidly.  Thus  a  bullet,  shot  out  of  a  gun, 
moves  with  much  greater  force  than  a  stone  thrown  bv  the 
hand.  The  momentum  of  a  body  is  found  by  multiplying  its 
quantity  of  matter  by  its  velocity. 

Thus,  if  the  velocity  be  2,  and  the  weight  2,  the  momentum 
will  be  4.  If  the  velocity  be  6  and  the  weight  of  the  body 
4,  the  momentum  will  be  24. 

If  a  moving  body  strikes  an  impediment,  the  force  with 
which  it  strikes,  and  the  resistande  of  the  impediment  are 
equal.     Thus  if  a  boy  throw  his  ball  against  the  side  of  the 

When  is  velocity  accelerated  ?  Give  illustrations  of  these  two  kinds 
of  velocity.  What  is  meant  by  retarded  velocity  ?  Give  an  example 
of  retarded  velocity.  What  is  meant  by  the  momentum  of  a  body? 
When  will  the  momenta  of  two  todies  be  equal  ?  Give  an  example; 
When  has  a  email  body  more  momentum  than  a  large  one .'  By  what 
f  «lo  is  the  momentum  of  a  body  found  ? 
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house,  with  the  force  of  3,  the  house  resists  it  with  the  same 
force,  and  the  ball  rebounds.  If  he  throws  it  against  a  pane 
of  glass  with  the  same  force,  the  glass  having  only  the  power 
of  2  to  resist,  the  ball  will  go  through  the  glass,  still  retaining 
one  third  of  its  force. 

From  observations  made  on  the  effects  of  bodies  striking 
each  other,  it  is  found  that  action  and  re-action  are  equal ;  or, 
in  other  words,  that  force  and  resistance  are  equal.  Thus, 
when  a  moving  body  strikes  one  that  is  at  rest,  the  body  at 
rest  returns  the  blow  with  eqUal  force. 

This  is  illustrated  by  the  well  known  fact,  that  if  two  per- 
sons  strike  their  heads  together,  one  being  in  motion,  and  the 
other  still,  they  are  both  equally  hurt. 

The  philosophy  of  action  and  reaction  is  finely  illustrated 
by  a  number  of  ivory  balls,  suspended  by  threads,  as  in  fig. 
Fig.  10.  10,  so  as  to  touch  each  other.  If 

the  ball  a  be  drawn  from  the  per- 
pendicular, and  then  let  fall,  so 
as  to  strike  the  one  next  to  it,  the 
motion  of  the  falling  ball  will  be 
communicated  through  the  whole 
row,  from  one  to  the  other.  None 
of  the  balls,  except/",  will,  how. 
ever,  appear  to  move.  This  will 
be  understood,  when  we  consider 
that  the  re-action  of  h,  is  just 
equal  to  the  action  of  a,  and  that 
each  of  the  other  balls,  in  like 
manner,  acts,  and  re-acls,  on  the 
other,  until  the  motion  of  a  arrives 
at/,  which,  having  no  impedi- 
ment, or  nothing  to  act  upon,  is  itself  put  in  motion.  It  is, 
therefore,  re-action,  which  causes  all  the  balls,  except/,  to 
remain  at  rest. 

It  is  by  a  modification  of  the  same  principle,  that  rockets 
are  impelled  through  the  air.  The  stream  of  expanded  air,  or 
the  fire  which  is  emitted  from  the  lower  end  of  the  rocket, 
pushes  against  the  atmospheric  air,  which,  re-acting  against 
the  air  so  expanded,  sends  the  rocket  along. 

When  a  moTing  body  strikes  an  impediment,  which  receives  the 
greatest  shock ?  What  is  the  law  of  action  and  re-action?  How  is 
this  illustrated?  When  one  of  the  ivory  balls  strikes  the  other,  why 
docs  the  most  distant  one  only  move  ?  On  what  principle  are  rockets 
impelled  through  the  air? 
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It  was  on  account  of  not  understanding  the  principles  of 
action  and  re-action,  that  the  man  undertook  to  make  a  fair 
wind  for  his  pleasure  boat  to  be  used  whenever  he  wished  to 
sail.     He  fixed  an  immense  bellows  in  the  stern  of  his  boat, 
not  doubting  but  the  wind  from  it  would  carry  him  along. 
But  on  making  the  experiment,  he  found  that  his  boat  went 
backwards,  instead  of  forwards.     The  reason  is  plain.     The 
re-action  of  the  atmosphere  on  the  stream  of  wind  from  the 
bellows,  befoi'e  it  reached  the  sail,  moved  the  boat  in  a  con- 
trary direction.     Had  the  sails  received  the  whole  force  of  the 
•wind  from  the  bellows,  the  boat  would  not  have  moved  at  all, 
for  then,  action  and  re-action  would  have  been  exactly  equal, 
and  it  would  have  been  like  a  man's  attempting  to  raise  him- 
self  over  a  fence  by  the  straps  of  his  boots. 
Refected  Motion. 
It  has  been  stated  that  all  bodies  when  once  set  in  motion, 
would  continue  to  move  straight  forward,  until  some  impedi- 
ment, acting  in  a  contrary  direction,  should    bring  them  to 
rest ;    this   motion    being  a  consequence  of   the  inertia  of 
matter. 

Such  bodies  are  supposed  to  be  acted  upon  by  a  single 
force,  and  that  in  the  direction  of  the  line  m  which  they  move. 
Thus,  a  ball  sent  out  of  a  gun,  or  struck  by  a  bat,  turns  neither 
to  the  right,  nor  left,  but  makes  a  curve  towards  the  earth,  in 
consequence  of  another  force,  which  is  the  attraction  of  gra- 
vitation, and  by  which  together  with  the  resistance  of  the  at- 
inosphere,  it  is  finally  brought  to  the  ground. 

The  kind  of  motion  now  to  be  considered,  is  that  which  is 
produced  when  bodies  are  turned  out  of  a  straight  line  by 
isome  force,  independent  of  gravity. 

A  single  force,  or  impulse,  sends  the  body  directly  forward, 
but  another  force,  not  exactly  fcoinciding  w«th  this,  will  give 
it  a  new  direction,  and  bend  it  out  of  its  former  course. 

If,  for  instance,  two  moving  bodies  strike  each  other  ob- 
liquely, they  will  both  be  thrown  out  of  the  line  of  their  for- 
mer direction.  This  is  called  rejtected  motion,  because,  it 
observes  the  same  laws  as  reflected  light. 

In  the  experiment  with  the  boat  and  bellov/s,  why  did  llie  boat  move 
backwards  ?  Why  would  it  not  have  moved  at  all,  had  the  sail  receiv- 
ed all  wind  from  the  bellows  ?  Suppose  a  body  is  acted  on,  and  set  in 
motion  by  a  single  force,  in  what  direction  will  it  move  ?  What  is  the 
motion  called,  when  a  body  is  turned  out  of  a  straight  line  by  another 
force  ? 
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The  bounding  of  a  ball ;  the  skipping  of  a  stone  over  the 
smooth  surface  of  a  pond ;  and  the  oblique  direction  of  an 
apple,  when  it  touches  a  limb  in  its  fall,  are  examples  of  re 
fleeted  motion. 

By  experiments  on  this  kind  of  motion,  it  is  founds  thai 
moving  bodies  observe  certain  laws,  in  respect  to  the  direc- 
tion they  take  in  rebounding  from  any  impediment  they  hap- 
pen to  strike.  Thus,  a  ball,  striking  on  the  floor,  or  wall  of 
a  room,  makes  the  same  angle  in  leaving  the  point  where  it 
strikes,  that  it  does  in  approaching  it. 

^'^•^'-  Suppose  a, 5, fig.  II, 

to  be  a  marble  slab,  or 
C  floor,   and  c  to   be   an 
ivory  ball,    which   has 
been  thrown  towards  the 

f^^^^S -.  floor  iii  the  direction  of 

'^  "^  "  the  line  c,  e  ;  it  will  re- 

bound in  the  direction  of  the  line  e,  d,  thus  making  the  two 
angles  jT  and  g  exactly  equal. 

If  the  ball  approached  the  floor  under  a  larger  or  smaller 
angle,  its  rebound  would  observe  the  same  rule.     Thus,  if  it 


©y. 


Fig.  12. 


fell  in  the  line  h 
k,  fig.  12,  its  re. 
bound  would  be  in 
the  line  k  i,  and  if 
it  was  dropped  per- 
pendicularly fromZ 
to  k,  it  would  re- 
turn in  the  same 
line  to  L  The  an- 
gle which  the  ball 
makes  in  its  ap. 
proach  to  the  floor  is  called  the  angle  of  incidence,  and  that 
which  it  makes  in  departing  from  the  floor,  is  called  the  angle 
of  reflection,  and  these  angles  are  always  equal  to  each  other 

What  illustrations  can  you  give  of  reflected  motion  ?  What  laws 
are  observed  in  reflected  motion  ?  Suppose  a  ball  to  be  thrown  on  the 
floor  in  a  certain  direction,  what  rule  will  it  observe  in  rebounding? 
What  is  the  angle  called,  which  the  ball  makes  in  approaching  the  floor 
What  is  the  angle  called,  which  it  makes  in  leaving  the  floor  ?  What 
is  the  diflTerence  between  these  angles  ? 
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Compound  Motion. 
Compound  motion  is  that  motion,  which  is  produced  by  two 
or  more  forces,  acting  in  different  directions,  on  the  same 
body,  at  the  same  time.     This  will  be  readily  understood  by 
a  diagram. 

^     ^'^'  ^^'  Suppose  the  ball  a,  fig.  13, 

to  be  moving  with  a  certain 
velocity  in  the  line  b  c,  and 
suppose  that  at  the  instant 
when  it  came  to  the  point  a, 
it  should  be  struck  with  an 
equal  force  in  the  direction 
of  d  e,  as  it  cannot  obey 
the  direction  of  both  these 
forces,  it  will  take  a  course 
between  them,  and  fly  off  in 
the  direction  of/. 

The  reason  of  this  is  plain. 
The  first  force  would  carry 
the  ball  from  b  to  c;  the  second  would  carry  it  from  d  to 
e,  and  these  two  forces  being  equal,  gives  it  a  direction 
just  half  way  between  the  two,  and  therefore  it  is  sent  to- 
wards J. 

The  line  a  f,  is  called  the  diagonal  of  the  square,  and  re- 
sults from  the  cross  forces,  b  and  d  being  equal  to  each  other. 
If  one  of  the  moving  forces  is  greater  than  the  other,  then  the 
diagonal  line  will  be  lengthened  in  the  direction  of  the  greater 
force,  and  instead  of  being  the  diagonal  of  a  square,  it  will 
become  the  diagonal  of  a  parallelogram,  or  oblong  square. 
■^'^-  ^^'  Suppose  the  force  in  the 

^  direction   of  a   b.    should 

drive  the  ball  with  twice  the 
-<'  velocity  of  the  cross  force 
c  d,  fig.  14,  then  the  ball 
would  go  twice  as  far  from 
the  line  c  d,  as  from  the  line 
b  a,  and  e  f  would  be  the 
diagonal  of  a  parallelogram 
whose  length  is  double  its 
breadth. 

"What  is  compound  motion?  Suppose  a  ball,  moving  with  a  certain 
force,  to  be  struck  crosswise,  with  the  same  force,  in  what  direction  will 
It  move  ?  Suppose  it  to  be  struck  with  half  its  former  force,  in  what 
direction  will  it  move  ? 
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Suppose  a  boat  in  crossing  a  river,  is  rowed  forward  at  the 
rate  of  four  miles  an  hour,  and  the  current  of  the  river  is  at 
the  same  rate,  then  the  two  cross  forces  will  be  equal,  and  the 
line  of  the  boat  will  be  the  diagonal  of  a  square,  as  in  fig.  13. 
But  if  the  current  be  four  miles  an  hour,  and  the  progress  of 
the  boat  forward  only  two  miles  an  hour,  then  the  boat  will  go 
down  stream  twice  as  fast  as  she  goes  across  the  river,  and 
her  path  will  be  the  diagonal  of  a  parallelogram,  as  in  fig.  14, 
and  therefore  to  make  the  boat  pass  directly  across  the 
stream,  it  must  be  rowed  towards  some  point  higher  up  the 
stream  than  the  landing  place  ;  a  fact  well  known  to  boatmen. 

Circular  Motion. 
Circular  motion,  is  the  motion  of  a  body  in  a  ring,  or  circle, 
and  is  produced  by  the  action  of  two  forces.  By  one  of  these 
forces,  the  moving  body  tends  to  fly  off  in  a  straight  line, 
while  by  the  other  it  is  drawn  towards  the  centre,  and  thus  it 
is  made  to  revolve,  or  move  round  in  a  circle. 

The  force  by  which  a  body  tends  to  go  off  in  a  straight  line, 
is  called  the  centrifugal  force  ;  that  which  keeps  it  from  fly- 
ing away,  and  draws  it  towards  the  centre,  is  called  the  cen- 
tripetal force. 

Bodies  moving  in  circles  are  constantly  acted  upon  by  these 
two  forces.  If  the  centrifugal  force  should  cease,  the  moving 
body  would  no  longer  perform  a  circle,  but  would  directly  ap- 
proach the  centre  of  its  own  motion.  If  the  centripetal  force 
should  cease,  the  body  would  instantly  begin  to  move  off"  in  a 
straight  line,  this  being,  as  we  have  explained,  the  direction 
which  all  bodies  take  when  acted  on  by  a  single  force. 

Fig.  15.  This  will  be  obvious  by  fig. 

15.  Suppose  a  to  be  a  cannon 
ball,  tied  with  a  string  to  the 
centre  of  a  slab  of  smooth  mar- 
ble, and  suppose  an  attempt 
be  made  to  push  this  ball  with 
^a  the  hand  in  the  direction  of  b  ; 
it  is  obvious  that  the  string 
would  prevent  its  going  to  that 
point ;  but  would  keep  it  in  the 
circle,  In  this  case,  the  string 
is  the  centripetal  force. 

What  is  the  line  A  F,  fig.  13,  called  ?  What  is  the  line  E  F,  fig.  14, 
called ?  How  are  these  figures  illustrated:  What  is  circular  motion ? 
How  is  this  motion  produced  ?     What  is  tlie  centrifugal  force.' 
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Now  suppose  the  ball  to  be  kept  revolving  with  rapidity, 
its  velocity  and  weight  would  occasion  its  centrifugal  force  ; 
and  if  the  string  were  to  be  cut,  when  the  ball  was  at  the 
point  c,  for  instance,  this  force  would  carry  it  off  in  the  line 
towards  h. 

The  greater  the  velocity  with  which  a  body  moves  round 
in  a  circle,  the  greater  would  be  the  force  with  which  ii  would 
fly  off  in  a  right  hne. 

Thus,  when  one  wishes  to  sling  a  stone  to  the  greatest  dis- 
tance, he  makes  it  whirl  round  with  the  greatest  possible  ra- 
pidity, before  he  lets  it  go.  Before  the  invention  of  other 
warlike  instruments,  soldiers  threw  stones  in  this  manner  with 
great  force,  and  dreadful  effects. 

The  line  about  which  a  body  revolves,  is  called  its  axis  of 
motion.  The  point  round  which  it  turns  or  on  which  it  rests, 
is  called  the  centre  of  motion.  In  fig.  15,  the  point  d,  to 
which  the  string  is  fixed,  is  the  centre  of  motion.  In  the 
spinning  top,  a  line  through  the  centre  of  the  handle  to  the 
point  on  which  it  turns,  is  the  axis  of  motion. 

In  the  revolution  of  a  wheel,  that  part  which  is  at  the  great- 
est  distance  from  the  axis  of  motion,  has  the  greatest  velocity, 
and  consequently,  the  greatest  centrifugal  force. 

Fig- 16.  Suppose  the  wheel,  fig.  16,  to 

revolve  a  certain  number  of  times 
in  a  minute,  the  velocity  of  the 
end  of  the  arm,  at  the  point  a, 
would  be  as  much  greater  than  its 
middle  at  the  point  h,  as  its  dis- 
tance is  greater  from  the  axis  of 
motion,  because  it  moves  in  a  lar- 
ger  circle,  and  consequently  the 
centrifugal  force  of  the  rim  c, 
would  in  like  manner,  be  as  its 
^  distance  from  the  centre  of  mo- 
tion. 

Large  wheels,  which  are  designed  to  turn  with  great  velc 
city,  must,  therefore,  be  made  with  corresponding  strength, 
What  is  the  centripetal  force  ?  Suppose  the  centrifugal  force  should 
cease,  in  what  direction  would  the  body  move  ?  Suppose  the  centripe- 
tal force  should  cease,  where  would  the  body  go?  Explain  fig.  15. 
What  constitutes  the  centrifugal  force  of  a  body  moving  round  in  a 
circle?  How  is  this  illustrated?  What  is  the  axis  of  motion  ?  What 
is  tlie  centre  of  motion?  Give  illustrations.  What  part  of  a  revolv- 
ing wheel  has  the  greatest  centrifugal  force  ?     Why  ? 
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-Otherwise  the  centrifugal  force  will  overcome  the  cohesive  at- 
traction, or  the  strength  of  the  fastenings,  in  which  case  the 
wheel  will  fly  in  pieces.  This  sometimes  happens  to  the 
large  grind-stones  used  in  gun-factories,  and  the  stone  either 
flies  away  piece-meal,  or  breaks  in  the  middle,  to  the  great 
danger  of  the  workmen. 

Were  the  velocity  of  the  earth  round  its  axis  about  seven- 
teen times  greater  than  it  is,  those  parts  at  the  greatest  dis- 
tance from  its  axis,  would  begin  to  fly  off  in  straight  hnes,  as 
the  water  does  from  the  grindstone,  when  it  is  turned  rapidly. 

Centre  of  Gravity. 
The  centre  of  gravity,  in  any  body  or  system  of  bodies,  is 
that  point  upon  which,  the. body,  or  system  of  bodies,  acted 
upon  only  by  gravity,  will  balance  itself  in  all  positions. 

The  centre  of  gravity,  m  a  wheel,  made  entirely  of  wood, 
and  of  equal  thickness,  would  be  exactly  in  the  middle,  or  in 
its  ordinary  centi-e  of  motion.  But  if  one  side  of  the  wheel 
were  made  of  iron,  and  the  other  part  of  wood,  its  centre  of 
gravity  would  be  changed  to  some  point,  aside  from  the  centre 
of  the  wheel. 

Fig.  17.  Thus,  the  centre  of  gravity  in  the 

wooden  wheel,  fig.  17,  would  be  at 
the  axis  on  which  it  turns  ;  but  were 
the  arm  a,  of  iron,  its  centre  of  mo- 
tion and  of  gravity  would  no  longer 
be  the  same,  but  while  the  centre  of 
motion  remained  as  before,  the  cen- 
tre of  gravity  would  fall  to  the  point 
a.     Thus  the  centre  of  motion  and 
of  gravity,  though  often  at  the  same 
point,  are  not  always  so. 
When  the  body  is  shaped  irregularly,  or  there  are  two  or 
more  bodies  connected,  the  centre  of  gravity  is  the  point  on 
•which  they  will  balance  without  falling. 

Fig.  18.  If  the  two  balls  a  and  h,  fig.   18, 

0/  ^^      weigh  each  four  pounds,  the  centre  of 

gravity  will  be  a  point  on  the  bar  equal- 
ly distant  from  each. 

Why  must  large  wheels,  turning  with  great  velocity,  be  .strongly 
made?  What  would  be  the  consequence,  were  the  velocity  of  the 
earth  17  times  greater  than  it  is  ?  Where  is  the  centre  of  gravity  in  a 
,  body  ?  Where  is  the  centre  of  grayity  in  a  wheel,  made  of  wood  ?  If 
one  side  is  made  of  wood,  and  the  oilier  of  iron,  where  is. this  centre  ? 
Is  the  centre  of  motion  and  of  gravity  always  tlie  same? 
5 
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Fig  19.  But  if  one  of  the  balls  be  heavier  than 

^  d' .   the  other,  then  the  centre  of  gravity  will 

f        \  in  proportion,  approach  the  larger  ball. 

^'X^       J  Thus  in  fig.  19,  if  c  weighs  two  pounds, 
—      and  d  eight  pounds,  the  centre  of  grav- 
ity will  be  four  times  the  distance  from  c  that  it  is  from  d. 

"  In  a  body  of  equal  thickness,  as  a  board,  or  a  slab  of  mar- 
ble,  but  otherwise  of  an  irregular  shape,  the  centre  of  gravity 
may  be  found  by  suspending  it,  first  from  one  point,  and  then 
from  another,  and  marking  by  means  of  a  plumb  line  the  per- 
pendicular  ranges  from  the  point  of  suspension.  The  centre 
of  gravity  will  be  the  point  where  these  two  lines  cross  each 
other. 

Thus,  if  the  irregular  shaped  piece  of  board,  fig.  20,  be 
Fig.  20.  Fig.  21.  Fig.  22.        suspended    by 

making  a  hole 
through  it  at 
the  point  a,  and 
at  the  same 
>  point  suspend- 
ing the  plumb 
line  c,  both 
board  and  line 
will    hang    in 

the  position  represented  in  the  figure.  Having  marked  this 
line  across  the  board,  let  it  be  suspended  again  in  the  position 
of  fig.  21,  and  the  perpendicular  line  again  marked.  The 
point  where  these  lines  cross  each  other,  is  the  centre  of  gra- 
vity, as  seen  by  fig.  22. 

It  is  often  of  great  consequence,  in  the  concerns  of  life, 
that  the  subject  of  gravity  should  be  well  considered,  since 
the  strength  of  buildings,  and  of  machinery  often  depends 
chiefly  on  the  gravitating  point. 

Common  experience  teaches,  that  a  tall  object,  with  a  nar- 
row base,  or  foundation,  is  easily  overturned ;  but  common 
experience  does  not  teach  the  reason,  for  it  is  only  by  under- 
standing principles,  that  practice  improves  experiment. 

An  upright  object  will  fall  to  the  ground  when  it  leans  so 
much  that  a  perpendicular  line  from  its  centre  of  gravity  falls 
beyond  its  base.     A  tall  chimney,  therefore,  with  a  narrow 

WJien  two  bodies  are  connected,  as  by  a  bar  between  them,  where  is 
the  centre  of  gravity  ?  In  a  board  of  irregular  shape,  by  what  method 
is  the  centre  of  gravity  fcund? 


CENTRE   OF    GEAVIXr.  47 

foundation,  such  as  are  commonly  built  at  the  present  day, 
will  fall  with  a  very  slight  inclination. 

Now  ia  falling,  the  centre  of  gravity  passes  through  part  of 
a  circle,  the  centre  of  which  is  at  the  extremity  of  the  base 
on  which  the  body  stands.  This  will  be  comprehended  by 
fig.  23. 

Fiff.  23  Suppose  the  figure  to  be  a  block  of 

marble,  which  is  to  be  turned  over,  by 
liftmg  at  the  corner  a,  the  coiner  d  would 
be  the  centre  of  its  motion,  or  the  point 
on  which  it  would  turn.  The  centre  of 
gravity,  c,  would,  therefore,  describe  the 
part  of  a  circle,  of  which  the  corner,  <Z,  is 
the  centre. 

It  will  be  obvious,  after  a  little  consideration,  that  the 
greatest  difBculty  we  should  find  in  turning  over  a  square 
block  of  marble,  would  be,  in  first  raising  up  the  centre  of 
gravity,  for  the  resistance  will  constantly  become  less,  in  pro- 
portion  as  this  point  approaches  a  perpendicular  line  over  the 
porner  d,  which,  having  passed,  it  will  fall  by  its  own  gravity. 
The  difficulty  of  turning  over  a  body  of  a  particular  form, 
will  be  more  strikingly  illustratred  by  the  figure  of  a  triangle, 
or  low  pyramid. 

Fig.  24.  In  fig.  24,  the  centre  of  gravity  is  so 

low,  and  the  base  so  broad,  that  in  turning 
it  over,  a  great  proportion  of  its  whole 
^weight  must  be  raised.  Hence  we  see  the 
firmness  of  the  pyramid  in  theory,  and  ex- 
perience  proves  its  truth ;  for  buildings  are 
found  to  withstand  the  effects  of  time,  and 
the  commotions  of  earthquakes,  in  proportion  as  they  ap- 
proach this  figure. 

The  most  ancient  monuments  of  the  art  of  building,  now 
standing,  the  pyramids  of  Egypt,  are  of  this  form. 

When  a  ball  is  rolled  on  a  horizontal  plane,  the  centre  of 
gravity  is  not  raised,  but  moves  in  a  straight  line  parallel  to 

In  what  direction  must  the  centre  of  gravity  be  from  the  "outside  of 
the  base,  before  the  object  will  fall  ?  In  falling,  the  centre  of  gravity 
passes  through  part  of  a  circle,  where  is  the  centre  of  this  circle  ?  In 
turning  over  a  body,  why  does  the  force  required  constantly  become 
less  and  less?  Why  is  there  less  force  required  to  overturn  a  cube,  or 
square,  than  a  pyramid  of  the  same  weight  ?  When  a  ball  is  rolled  on 
a  horizontal  plane,  in  what  direction  does  the  centre  of  gravity  move  ? 
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the  surface  of  the  plane,  and  is  consequently  always  directly 
over  its  centre  of  motion. 

Fig.  25.  Suppose,  fig.  25,  a  is  the  plane 

on  which  the  ball  moves,  6the  line  on 
which  the  centre  of  gravity  moves, 
and  c  a  plumb  line,  showing  that  the 
centre  of  gravity  must  always  be  ex- 
actly overthe  centre  of  motion,  when 
the  ball  moves  on  a  horizontal  plane. 
Hence  we  see  the  reason  why  a  ball 
moving  on  such  a  plane,  will  rest 
with  equal  firmne«s  in  any  position,  and  why  so  little  force  is 
required  to  set  it  in  motion.  For  in  no  other  figure  does  the 
centre  of  gravity  describe  a  horizontal  line  over  that  of  mo- 
tion, in  whatever  direction  the  body  is  moved. 

Fig.  26.  If  the  plane  is  inclined  downwards,- 

the  ball  is  instantly  thrown  into  motion, 
because  the  centre  of  gravity  then  falls 
forward  of  that  of  motion,  or  the  point 
on  which  the  ball  rests. 

This  is  explauied  by  fig.  26,  where 
a  is  the  point  on  which  the  ball  rests, 
or  the  centre  of  motion,  c  the  perpen- 
dicular line  from  the  centre  of  gravity, 
as  shewn  by  the  plumb  weight  c. 

If  the  plain  is  inclined  upward,  force 
is  required  to  move  the  ball  in  that  di- 
rection,  because  the  centre  of  gravity  then  falls  behind  that 
of  motion,  and  therefore  the  centre  of  gravity  has  to  be  con- 
sjtantly  lifted.  This  is  also  shewn  by  fig.  26,  only  considering 
the  ball  to  be  moving  up  the  inclined  plane,  instead  of 
down  it. 

From  these  principles,  it  will  be  readily  understood,  why 
so  much  force  is  required  to  roll  a  heavy  body,  as  a  hogshead 
of  sugar,  fof  instance,  up  an  inclined  plane.  The  centre  of 
gravity  falling  behind  that  of  motion,  the  weight  is  constantly 
acting  against  the  force  employed  to  raise  the  body. 

Explain  fig.  25.  Why  does  a  ball  on  a  horizontal  plane  rest  equally 
well  in  all  positions  ?  Why  does  it  move  with  little  force  ?  If  the  plana 
is  inclined  downwards,  why  does  th«  ball  roll  in  that  direction?  Why 
is  force  required  to  ni6v6  a  ball  up  an  inclined  plane  ? 
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Fig.  28. 


Fig.  27.  From  what  has  been  stated,  it  will  be  under- 

stood,  that  the  danger  that  a  body  will  fall,  is  in 
proportion  to  the  narrowness  of  its  base,  com- 
pared with  the  height  of  the  centre  of  gravity 
above  the  base. 

Thus  a  tall  body,  shaped  like  fig.  27,  will 
fall,  if  it  leans  but  very  slightly,  for  the  centre 
of  gravity  being  far  above  the  base,  at  a,  is 
brought  over  the  centre  of  motion,  6,  with  little 
inclination,  as  shown  by  the  plumb  line. 
Whereas  a  body  shaped  like  fig.  28,  will  not 
fall,  until  it  leans  much  more,  as  shown  by  the 
direction  of  the  plumb  line. 

We  may  learn,  from  these  comparisons,  that 
it  is  much  more  dangerous  to  ride  in  a  high 
carriage  than  in  a  low  one,  in  proportion  as  the 
carriage  is  high,  and  the  wheels  near  each  oth- 
er, or  in  proportion  to  the  narrowness  of  the  base, 
and  the  height  of  the  centre  of  gravity.  A 
load  of  hay  upsets  where  the  road  raises  one 
wheel  but  little  higher  than  the  other,  because 
it  is  high,  and  broader  on  the  top  than  the  distance  of  the 
wheels  from  each  other,  while  a  load  of  stone  is  very  rarely 
turned  over,  because  the  centre  of  gravity  is  near  the  earth, 
and  its  weight  between  the  wheels,  instead  of  being  far  above 
them. 

In  man  the  centre  of  gravity  is  between  the  hips,  and  hence, 
were  his  feet  tied  together,  and  his  arms  tied  to  his  sides,  a 
very  slight  inclination  of  his  body  would  carry  the  perpendi- 
cular of  his  centre  of  gravity  beyond  the  base,  and  he  would 
fall.  But  when  his  limbs  are  free  to  move,  he  widens  his 
base,  and  changes  the  centre  of  gravity  at  pleasure,  by  throw- 
ing out  his  arms,  as  circumstances  require. 

When  a  man  runs,  he  inclines  forward,  so  that  the  centre 
of  gravity  may  hang  before  his  base,  and  in  this  position,  he  is 
obliged  to  keep  his  feet  constantly  advancing,  otherwise  he 
would  fall  forward. 

What  ia  the  danger  that  a  body  will  fall  proportioned  to  ?  Why  is  a 
body,  shaped  like  fig.  27,  more  easily  thrown  down,  than  one  shaped 
like  fig.  28  ?  Hence,  in  riding  in  a  carriage,  how  is  the  danger  of  upset- 
ting proportioned  ?  Where  is  tho  centre  of  a  man's  gravity?  Why 
will  a  man  fall  with  a  slight  inclination,  whan  his  feet  and  arms  are 
tied.' 
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A  man  standing  on  one  foot,  cannot  throv/  his  body  forward 
without  at  the  same  time  throwing  his  other  foot  backward,  in 
order  to  keep  his  centre  of  gravity  within  the  base. 

A  man,  therefore,  standing  with  his  heels  against  a  perpen- 
dicular wall,  cannot  stoop  forward  without  falling,  because  the 
wall  prevents  his  throwing  any  part  of  his  body  backward. 
A  person,  little  versed  in  such  things,  agreed  to  pay  u  certain 
sum  of  money  for  an  opportunity  of  possessing  himself  of  dou- 
ble the  sum,-  by  taking  it  from  the  floor  with  his  heels  against 
the  wall.  The  man  of  course,  lost  his  money,  for  in  such  a 
posture,  one  can  hardly  reach  lower  than  his  own  knee. 

The  base,  on  which  a  man  is  supported,  in  walking,  or 
standing,  is  his  feet,  and  the  space  between  them.  By  turning 
the  toes  out,  this  base  is  made  broader,  without  taking  much 
from  its  length,  and  hence  persons  who  turn  their  toes  out- 
ward, not  only  walk  more  firmly,  but  more  gracefully,  than 
those  who  turn  them  inward. 

In  consequence  of  the  upright  position  of  man,  he  is  con- 
stantly obliged  to  employ  some  exertion  to  keep  his  balance. 
This  seems  to  be  the  reason  why  children  learn  to  walk  with 
sb  much  difficulty,  for  after  they  have  strength  to  stand,  it  re- 
quires considerable  experience,  so  to  balance  the  body,  as  to 
sfet  one  foot  before  the  other  without  faUing. 

By  experifince  irt  the  art  of  balancing,  or  of  keeping  the 
cfentre  of  gravity  in  a  line  over  the  base,  men  sometimes  per- 
form  things,  that,  at  first  sight,  appear  altogether  beyond  hu- 
man power,  such  as  dining  with  the  table  and  chair  standing 
on  a  single  rope,  dancing  on  a  wire,  &;c. 

No'  form  under  which  matter  exists,  escapes  the  general 
law  of  gravity,  and  hence  vegetables,  as  well  as  animals  are 
formed  with  reference  to  the  position  of  this  centre,  in  respect 
to  the  base. 

It  is  interesting,  in  reference  to  this  circumstance,  to  ob- 
serve how  exactly  the  tall  trees  of  the  forest  conform  to  this 
law. 

The  pine,  which  grows  a  hundred  feet  high,  shoots  up  with 
as  much  exactness,  with  respect  to  keeping  its  centre  of  gra- 
vity within  the  base,  as  though  it  had  been  directed  by  the 

Why  cannot  one  who  stands  with  his  heels  against  a  wall  stoop  for- 
ward ?  W  hy  does  a  person  walk  most  firmly,  who  turns  his  toes  out- 
ward? Why  does  not  a  child  walk  as  soon  as  he  can  stand?  In  what 
does  the  he  art  of  balancing,  or  walking  on  a  rope  consist?  What  is 
observed  in  the  growth  of  the  trees  of  the  forest,  in  respect  to  the  laws 
of  gravity  ? 
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plumb  line  ti(  a  master  builder.  Its  limbs,  towards  the  top 
are  sent  off  in  conformity  to  the  same  rule  ;  each  one  growing 
in  respect  to  the  other,  so  as  to  preserve  a  due  balance  be- 
tween the  whole. 

It  may  be  observed,  also,  that  where  many  trees  grow  near 
each  other,  as  in  thick  forests,  and  consequently  where  the 
wind  can  have  but  little  effect  on  each,  that  they  always  grow 
taller  than  when  standing  alone  on  the  plain.  The  roots  of 
such  trees  are  also  smaller,  and  do  not  strike  so  deep  as  those 
of  trees  standing  alone.  A  tall  pine,  in  the  midst  of  the  for- 
est would  be  thrown  to  the  ground  by  the  first  blast  of  wind^ 
were  all  those  around  it  cut  away. 

Thus,  the  trees  of  tiie  forest,  not  only  grow  so  as  to  pre- 
serve their  centres  of  gravity;  but  actually  conform,  in  a  cer- 
tain sense,  to  their  situations. 

Centre  of  Inertia. 

It  will  be  remembered  that  inertia  is  one  of  the  inherent,  or 
essential  properties  of  matter,  and  that  it  is  in  consequence  of 
this  property,  when  bodies  are  at  rest,  that  they  never  move 
without  the  application  of  force,  and  when  once  in  motion, 
they  never  cease  moving  without  some  external  cause. 

Now  inertia,  though  like  gravity,  it  resides  equally  in  every 
particle  of  matter,  must  have,  like  gravity,  a  centre  in  each 
particular  body,  and  this  centre  is  the  same  with  that  of 
gravity. 

In  a  bar  of  iron,  six  feet  long,  and  2  inches  square,  the 
centre  of  gravity  is  just  three  feet  from  each  end,  or  exactly  in 
the  middle.  If,  therefore,  the  bar  is  support#d  at  this  point, 
it  will  balance  equally,  and  because  there  are  equal  weights 
on  both  ends  it  will  not  fall.  This,  therefore,  is  the  centre  of 
gravity 

Now  suppose  the  bar  should  be  raised  by  raising  up  the 
centre  of  gravity,  then  the  inertia  of  all  its  parts  would  be 
overcome  equally  with  that  of  the  middle.  The  centre  of 
gravity,  is  therefore,  the  centre  of  inertia. 

The  centre  of  inertia,  being  that  point,  which,  being  lifted, 
the  whole  body  is  raised,  is  not,  therefore,  always  at  the  cen- 
tre of  the  body. 

VV  hat  effect  does  inertia  have  upon  bodies  at  rest  ?  What  effect  does 
it  have  on  bodies  in  motion  ?  Is  the  centre  of  inertia,  and  that  of  gra- 
vity the  same  ?  "Where  is  the  centre  of  inertia  in  a  body,  or  a  system 
of  bodies  ? 
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^^S-  29-  Thus  suppose  the  same  bar  of  iron, 

whose  inertia  was  overcome  by  raising 
the  centre,  to  have  balls  of  different 
weights  attached  to  its  ends  ;  then  the 
centre  of  inertia  would  no  longer  re- 
main in  the  middle  of  the  bar,  but  would  be  changed  to  the 
point  a,  fig.  29,  so  that  to  lift  the  whole,  this  point  must  bo 
raised,  instead  of  the  middle,  as  before. 
Equilibrium. 
When  two  forces  counteract,  or  balance  each  other,  they 
are  said  to  be  in  equilibrium. 

It  is  not  necessary  for  this  purpose,  that  the  weights  oppos- 
ed to  each  other  should  be  equally  heavy,  for  we  have  just  seen 
that  a  small  weight  placed  at  a  distance  from  the  centre  of 
inertia,  will  balance  a  large  one  placed  near  it.  To  produce 
equilibrium,  it  is  only  necessary,  that  the  weights  on  each 
side  of  the  support  should  mutually  counteract  each  other,  or 
if  set  in  motion,  that  their  momenta  should  be  equal. 

A  pair  of  scales  are  in  equilibrium,  when  the  beam  is  in  a 
horizontal  position. 

To  produce  equilibrium  in  solid  bodies,  therefof  e,  it  is  only 
necessary  to  support  the  centre  of  inertia,  or  gravity. 

Fig.  30.  If  a  body,  or  several  bodies,  con- 

nected, be  suspended  by  a  string, 
as  in  fig.  30,  the  point  of  support 
is  always  in  a  perpendicular  line 
above  the  centre  of  inertia.  The 
plumb  line  d,  cuts  the  bar  connect, 
ing  the  two  balls  at  this  point. 
Were  the  two  weights  in  this  figure 
equal,  it  is  evident  that  the  hook,  or 
point  of  support  must  be  in  the 
middle  of  the  string,  to  preserve  the  horizontal  position. 

When  a  man  stands  on  his  right  foot,  he  keeps  himself  in 
equilibrium,  by  leaning  to  the  right,  so  as  to  bring  his  centre 
of  gravity  in  a  perpendicular  line  over  the  foot  on  which  ho 
stands. 


Why  is  the  point  of  inertia  changed  by  fixing  different  weights  to  the 
ends  of  the  iron  bar?  "What  is  meant  by  equilibrium?  To  produce 
equilibrium  must  the  weights  be  equal  ?  When  is  a  pair  of  scales  in 
equilibrium  ?  When  a  body  is  suspended  by  a  string,  where  must  the 
support  be  with  respect  to  the  point  of  inertia? 
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Curvilinear,  or  benf  Motion. 
We  have  seen  that  a  single  force  acting  on  a  body  drives  it 
straight  forward,  and  that  two  forces  acting  crosswise,  drive  it 
midway  between  the  two,  or  give  it  a  diagonal  direction. 

Curvilinear  motion  differs  from  both  these,  the  direction  of 
the  body  being  neither  straight  forward,  nor  diagonal,  but 
through  a  line  which  is  curved. 

This  kind  of  motion  may  be  in  any  direction,  but  when  it 
is  produced  in  part  by  gravity,  its  direction  is  always  towards 
the  earth. 

A  stream  of  water  from  an  aperture  in  the  side  of  a  vessel, 
as  it  falls  towards  the  ground,  is  an  example  of  a  curved  line, 
and  a  body  passing  through  such  a  line,  is  said  to  have  curvili- 
near motion.  Any  body  projected  forward,  as  a  cannon  ball, 
or  rocket,  falls  to  the  earth  in  a  curved  line. 

It  is  the  action  of  gravity  across  the  course  of  the  stream, 
or  the  path  of  the  ball  that  bends  it  downwards,  and  makes  it 
form  a  curve.  This  motion  is  therefore  the  result  of  two  for- 
ces, that  of  projection,  and  that  of  gravity. 

The  shape  of  the  curve,  will  depend  on  the  velocity  of  the 
stream  or  ball.  When  the  pressure  of  the  water  is  great,  the 
stream,  near  the  vessel,  is  nearly  horizontal,  because  its  velo- 
city is  in  proportion  to  the  pressure.  When  a  ball  first  leaves 
the  cannon,  it  describes  but  a  slight  curve,  because  its  projec- 
tile velocity  is  then  greatest. 
Fig.  31. 

The  curves  prescribed  by  jets  of 
water,  under  different  degrees  of  pres- 
sure, are  readily  illustrated  by  tapping 
a  tall  vessel  in  several  places,  one 
above  the  other. 

Suppose  fig.  31  to  be  such  a  vessel, 
filled  with  water  and  pierced  as  repre- 
sented. Thestreams  will  form  curves 
differing  from  each  other,  as  seen  in 
the  figure.  Where  the  projectile  force 
is  greatest,  as  from  the  lower  orifice, 
the  stream  reaches  the  ground  at  the 
greatest  distance  from  the  vessel,  this 
distance  decreasing,  as  (he  pressure 

What  is  meant  by  curvilinear  motion  ?  What  are  eiamplcs  of  this 
kind  of  motion  ?  What  two  forces  produce  this  motion  ?  On  what 
does  the  shape  of  the  curve  depend  .•'  How  are  the  curves  described  by 
jets  of  water  illustrated  ? 
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becomes  less  towards  the  top  of  the  vessel.  The  action  of 
gravity  being  always  the  same,  the  shape  of  the  curve  de- 
scribed, as  just  stated,  must  depend  on  the  velocity  of  the  mo  v. 
ing  body  ;  but  whether  the  projectile  force  be  great  or  small, 
the  moving  body,  if  thrown  horizontally,  will  reach  the  ground 
from  the  same  height  in  the  same  time. 

This,  at  first  thought,  would  seera  not  to  be  true,  for  without 
consideration,  most  persons  would  assert,  very  positively,  that 
that  if  two  cannon  were  fired  from  the  same  spot,  at  the  same 
instant,  and  in  the  same  direction,  one  of  the  balls  falling  half 
a  mile,  and  the  other  a  mile  distant,  that  the  ball  which  went 
to  the  greatest  distance,  would  take  the  most  time  in  perform- 
ing its  journey. 

But  it  must  be  remembered  that  the  projectile  force  does 
not  in  the  least  interfere  with  the  force  of  gravity.  A  ball 
flying  horizontally  at  the  rate  of  a  thousand  feet  per  second, 
is  attracted  downwards  with  precisely  the  same  force  as  one, 
flying  only  a  hundred  feet  per  second,  and  must  therefore  de- 
scend the  same  distance  in  the  same  time. 

The  distance  to  which  a  ball  will  go,  depends  ou  the  fo^^e, 
of  impulse  given  it  the  first  instant,  and  consequently  on  its 
projectile  velocity.  If  it  moves  slowly,  the  distance  will  be 
short — if  more  rapidly,  the  space  passed  over  will  be  greater. 
It  makes  no  difference,  then,  in  respect  to  the  descent  of  the 
ball,  whether  its  projectile  motion  be  fast,  or  slow,  or  whether 
it  moves  forward  at  all. 

This  is  demonstrated  by  experiment.  Suppose  a  cannon  to 
be  loaded  with  a  ball,  and  placed  on  the  top  of  a  tower,  at  such 
a  height  from  the  ground,  that  it  would  take  just  three  seconds 
for  a  cannon  ball  to  descend  from  it  to  the  ground,  if  let  fall 
perpendicularly.  Now  suppose  the  cannon  to^  be  fired  in  an 
exact  horizontal  direption,  and  at  the  same  instant,  the  ball  to 
be  dropped  towards  the  ground.  They  will  both  reach  the 
ground  at  the  same  instant,  provided  the  ground  be  a  horizon- 
tal plane  from  the  foot  of  the  tower  to  the  place  where  the 
projected  ball  strikes. 

What  difference  is  there  iji  respect  to  the  time  taken  by  a  body  to  reach 
tlie  ground,  whether  the  curve  be  great  or  small  ?  Why  do  bodies 
forming  different  curves  from  the  same  height,  reach  the  ground  at  the 
same  time  ?  Suppose  two  balls,  one  flying  at  the  rate  of  a  thousand, 
and  the  other  at  the  rate  of  a  hundred  feet  per  second,  which  would  de- 
scend most  during  the  second  ?  Does  it  make  any  difference  in  respect 
to  the  descent  of  the  ball,  whether  it  has  a  projectile  motion  or  not  ? 
Suppose,  then,  one  ball  be  fired  from  a  cannon,  and  another  let  fall 
from  the  same  height  at  the  same  instant,  would  they  both  reach  the 
ground  at  the  same  time .' 
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This  will  be  made  plain  by  fig.  32,  where  a  is  the  perpen- 
dicular  line  of  the  descending  ball,  c  h  the  curvilinear  path  of 
that  projected  from  the  cannon,  and  d,  the  horizontal  line 
from  the  foot  of  the  tower. 

Fig.  32. 


The  reason  why  the  two  balls  will  reach  tlie  ground  at  the 
same  time,  is  easily  comprehended. 

During  the  first  second,  suppose  that  the  ball   which  is 
dropped,  reaches  1  ;  during  the  next  second  it  falls  to  2,  and 
at  the  end  of  the  third  second  it  strikes  the  ground.     Mean- 
time, the  ball  shot  from  the  cannon  is  projected  forward  with 
such'  velocity  as  to  reach  4  in  the  same  time  that  the  other 
is  falling  to  1.     But  the  projected  ball  falls  downward  exactly 
as  fast  as  the  other,  for  it  meets  the  line  1,  4,  which  is  parallel 
to  the  horizon  at  the  same  instant.     During  the  next  second, 
the  projected  ball  reaches  5,  while  the  other  arrives  at  2  ; 
and   here  again  they  have  both  descended  through  the  same 
downward  space,  as  is  seen  by  the  line  2,  5,  which  is  parallel 
with  the  other.     During  the  third  second,  the  ball  from  the 
cannon  will  have  nearly  spent  its  projectile  force,  and  there- 
fore  its  motion  downward  will  be  greater,    while   its  motion 
forward,  will  be  less  than  before.     The  reason  of  this  will 
be  obvious,  when  it  is  considered,  that  in  respect  to  gravity, 
both  balls  follow  exactly  the  same  law,  and  fall  through  equal 
spaces  in  equal  times.     Therefore  as  the  falling  ball  descends 
through  the  greatest  space  during  the  last  second,  so  that 
from  Ihe  cannon,   having  now  a  less  projectile  velocity,  its 
downward -motion  is  more  direct,  and,  like  all  falhng  bodies, 
its  velocity  is  increased  as  it  approaches  the  earth. 

ExDlain  fi^.  32,  showing  the  reason  why  the  two  balls  will  reach  the 
cround  at  the  same  time.  Why  docs  the  ball  approach  the  earth  more 
rapidly  in  the  last  part  of  the  curve,  than  in  the  first  part  > 
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From  what  has  been  said,  it  may  be  inferred,  that  the  hori, 
zontal  motion  of  a  body  through  the  air,  does  not  in  the  least 
interfere  with  its  gravitating  motion  towards  the  earth,  and 
therefore  that  a  rifle  ball,  or  any  oMier  body  projected  forward 
horizontally,  will  reach  the  ground  in  exactly  the  same  period 
of  time,  as  one  that  is  let  fall  perpendicularly  from  the  same 
height. 

The  two  forces  acting  on  bodies  which  fall  through  curved 
lines,  are  the  same  as  the  centrifugal  and  centripetal  forces, 
already  explained ;  the  centrifugal  in  case  of  the  ball-^'being 
■caused  by  the  powder — the  centripetal  being  the  gjetion  of 
gravity.  ,i 

Now  it  is  obvious,  that  the  space  through  whic^-  a  cannon 
ball,  or  any  other  body  can  be  thrown,  depends  oixihe  velocity 
with  which  it  is  projected,  for  the  attraction 'iStf\gravitation 
and  the  resistance  of  the  air  acting  perpetually,  the  i<me  which 
a  projectile  can  be  kept  in  motion,  through  the  air,  is  only  a 
few  moments.  ' 

If,  however,  the  projectile  be  thrown  from  aft/elevated  shua- 
tion,  it  is  plain  that  it  would  strike  at  a  greaJcr  distance  than 
if  thrown  on  a  level,  because  it  would  remain  longer  in  the 
air.  Every  one  knows  that  he  can  throw  at  stone  to  a  greater 
distance,  when  standing  on  a  steep  hill,  than  when  standing 
on  the  plain  below.' 

Bonaparte,  it  is  said,  by  elevating  the  range  of  his  shot, 
bombarded  Cadiz  from  the  distance  of  five  miles.  Perhaps, 
then,  from  a  high  mountain,  a  cannon  ball  might  be  thrown  to 
the  distance  of  six  or  seven  miles. 

Suppose  the  circle,  fig. 
83,  to  be  the  earth,  and  a 
a  higli  mountain  on  its 
surface.  Suppose  that 
this  mountain  reaches 
above  the  atmosphere,  or 
is -fifty  miles  high,  then  a 
cannon  ball  might  perhaps 
reach  from  a  to  b,  a.  dis- 
tance  of  eighty,  or  a  hun- 
dred miles,  because  the 
resistance  of  the  atmos- 
phere being  out  of  the 
calculation,  it  would  have 
nothing  to  contend  with, 
except  the    attraction  of 

What  is  the  force  called,  which  throws  a  ball  forward  ? 
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gravitation.  If,  then,  one  degree  of  force,  or  velocity  would 
send  it  to  6,  another  would  send  it  to  c  :  and  if  the  force  was 
increased  three  times,  it  would  fail  at  d,  and  if  four  times,  it 
would  pass  to  e.  If  now  we  suppose  the  force  to  be  about  ten 
times  greater  than  that  with  which  a  cannon  ball  is  projected, 
it  would  not  fall  to  the  earth  at  any  of  these  points,  but  would 
continue  its  motion,  until  it  again  came  to  the  point  a,  the 
place  from  which  it  was  first  projected.  It  would  now  be  in 
equilibrium,  the  centrifugal  force  being  just  equal  to  that  of 
gravity,  and  therefore  it  would  perform  another,  and  another 
revolution,  and  so  continue  to  revolve  round  the  earth  per- 
petually. 

The  reason  why  the  force  of  gravity  would  not  ultimately 
bring  it  to  the  earth,  is,  that  during  the  first  revolution,  the 
effect  of  this  force  is  just  equal  to  that  exerted  in  any  other 
revolution,  but  neither  more  nor  less  ;  and,  therefore,  if  the 
centrifugal  force  was  sufficient  to  overcome  this  attraction  du- 
ring one  revolution,  it  would  also  overcome  it  during  the  next. 
It  is  supposed,  also,  that  nothing  tends  to  affect  the  projectile 
force  except  that  of  gravity,  and  the  force  of  this  attraction 
would  be  no  greater  during  any  other  revolution  than  during 
the  first. 

In  other  words,  the  centrifugal  and  centripetal  forces  are 
supposed  to  be  exactly  equal,  and  to  mutually  balance  each 
other ;  in  which  case,  the  ball  would  be,  as  it  were,  suspended 
between  them.  As  long,  therefore,  as  these  two  forces  con- 
tinued to  act  with  the  same  power,  the  ball  would  no  more 
deviate  from  its  path,  than  a  pair  of  scales  would  lose  their 
balance  without  more  weight  on  one  side  than  on  the  other. 

It  is  these  two  forces  which  retain  the  heavenly  bodies  in 
their  orbits,  and  in  the  case  we  have  supposed,  our  cannon 
ball  would  become  a  little  satellite,  moving  perpetually  round 
the  earth. 

Resultant  Motion. 

Suppose  two  men  to  be  sailing  in  two  boats,  each  at  the 

What  is  that  called,  which  brings  it  to  the  ground  ?  On  what  does 
the  distance  to  which  a  projected  body  may  be  thrown  depend  ?  Why 
docs  the  distance  depend  upon  the  velocity?  Explain  fig.  33.  Suppose 
the  velocity  of  a  cannon  hall  shot  from  a  mountain  50  miles  high,  to  be 
ten  times  its  usual  rate,  where  would  it  stgp  ?  When  would  this  ball 
be  in  equilibrium  ?  Why  would  not  the  force  of  gravity  ultimately 
bring  the  ball  to  the  cai-th .'  After  the  first  revolution,  if  the  two  forces 
continued  the  same,  wodld  not  the  motion  of  the  ball  be  perpetual .' 
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rate  of  four  miles  an  hour,  at  a  short  distance  opposite  to  each 
other,  and  suppose  as  they  are  sailing  along  in  this  manner, 
one  of  the  men  throws  the  other  an  apple.  In  respect  to  the 
boats,  the  apple  would  pass  directly  across,  from  one  to  the 
other,  that  is,  its  line  of  direction  would  be  perpendicular  to 
the  sides  of  the  boats.  But  its  actual  line  through  the  air, 
would  be  oblique,  or  diagonal,  in  respect  to  the  sides  of  the 
boats,  because  in  passing  from  boat  to  boat,  it  is  impelled  by 
two  forces,  viz.  the  force  of  the  motion  of  the  boat  forward, 
and  the  force  by  which  it  is  thrown  by  the  hand  across  this 
motion. 

This  diagonal  motion  of  the  apple  is  called  the  resultant, 

or  the  resulting  motion,  because  it  is  the  effect,  or  result,  of 

two  motions,   resolved  into  one.     Perhaps  this  will  be  more 

Fig.  34.  clear  by  fig.  34,  where  a  b,  and  c 

d,  are  supposed  to  be  the  sides 

_^_j f^ 2f    of  the  two  boats,  and  the  lineey, 

of  the    apple.       Now  the  apple, 
when  thrown,   has  a  motion  with 
the  boat  at  the  rate  of  four  miles 
"'  .  .  ■    d  an  hour,  from  c  towards  d,  and  this 
*  motion  is  supposed  to  continue  just 

as  though  it  had  remained  in  the  boat.  Had  it  remained  in  the 
boat  during  the  time  it  was  passing  from  e  tof,  it  would  have 
passed  from  e  to  h.  But  we  suppose  it  to  have  been  thrown 
at  the  rate  of  eight  miles  an  hour  in  the  direction  towards  g, 
and  if  the  boats  are  moving  south,  and  the  apple  thrown  to- 
wards the  east,  it  would  pass,  in  the  same  time,  twice  as  far 
towards  the  east  as  it  did  towards  the  south.  Therefore,  in 
respect  to  the  boats,  the  apple  would  pass  in  a  perpendicular 
line  from  the  side  of  one  to  that  of  the  other,  because  they 
are  both  in  motion,  but  in  respect  to  one  perpendicular  line 
drawn  from  the  point  where  the  apple  was  thrown,  and  a 
parallel  line  with  this,  drawn  from  the  point  where  it  struck 
the  other  boat,  the  line  of  the  apple  would  be  oblique.  This 
will  be  clear,  when  we  consider  that  when  the  apple  is  thrown, 
the  boats  are  at  the  points  e  and  g,  and  that  when  it  strikes, 
they  are  at  Ji  and/,  these  two  points  being  opposite  to  each 
other. 

Suppose  two  boats,  sailing  at  the  same  rate  and  in  the  same  direc- 
tion, if  an  apple  be  tossed  from  one  to  the  other,  what  will  be  its  direc- 
tion in  respect  to  the  boats  ?  "What  would  be  its  line  through  the  air, 
in  respect  to  the  boats  i"  What  is  this  kind  of  motion  called  .^  Why  is 
it  called  resultant  motion  ?    Explain  fig.  34. 
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The  line  e,f,  through  which  the  apple  is  thrown,  is  called 
the  diagonal  of  a  parallelogram,  as  already  explained  under 
compound  motion.  ' 

On  the  above  principle,  if  two  ships,  during  a  battle,  are 
sailing  before  the  wind  at  equal  rates,  the  aim  of  the  gunners 
will  be  exactly  the  same  as  though  they  stood  still  ;  whereas 
if  the  gunner  fires  from  a  ship  standing  still,  at  another  under 
sail,  he  takes  his  aim  forward  of  the  mark  he  intends  to  hit, 
because  the  ship  would  pass  a  little  forward  while  the  ball  is 
going  to  her.  And  so  on  the  contrary,  if  a  ship  in  motion 
fires  at  another  standing  still,  the  aim  must  be  behind  the 
mark,  because,  as  the  motion  of  the  ball  partakes  of  that  of 
the  ship,  it  will  strike  forward  of  the  point  aimed  at. 

For  the  same  reason,  if  a  ball  be  dropped  from  the  topmast 
of  a  ship  under  sail,  it  partakes  of  the  motion  of  the  ship  for- 
ward, and  will  fall  in  a  line  with  the  mast,  and  strike  the  same 
point  on  the  deck,  as  though  the  ship  stood  still. 

If  a  man  upon  the  full  run  drops  a  bullet  before  him  from 
jthe  height  of  his  head,  he  cannot  run  so  fast  as  to  overtake  it 
before  it  reaches  the  ground. 

It  is  on  this  principle,  that  if  a  cannon  ball  be  shot  up  ver- 
tically from  the  earth,  it  will  fall  back  to  the  same  point  ;  for 
although  the  earth  moves  forward  while  the  ball  is  in  the  air, 
yet  as  it  carries  this  motion  with  it,  so  the  ball  moves  forward 
also,  in  an  equal  degree,  and  therefore  comes  down  at  the 
same  place. 

Ignorance  of  these  laws  induced  the  story-making  sailor  to 
tell  his  comrades,  that  he  once  sailed  in  a  ship  which  went  so 
fast,  that  when  a  man  fell  from  the  mast-head,  the  ship  sailed 
away  and  left  the  poor  fellow  to  strike  into  the  water  behind 
her. 

Pendulum. 

A  pendulum  is  a  heavy  body,  such  as  a  piece  of  brass,  or 
lead,  suspended  by  a  wire  or  cord,  so  as  to  swing  backwards 
and  forwards. 

Why  would  the  line  of  the  apple  be  actually  perpendicular  in  respect 
to  the  boats,  but  oblique  in  respect  to  parallel  lines  drawn  from  where 
it  was  thrown,  and  where  it  struck  ?  How  is  this  further  illustrated? 
When  the  ships  are  in  equal  motion,  where  does  the  gunner  take  his 
aim  ?  Why  does  he  aim  forward  of  the  mark,  when  the  other  ship  is 
in  motion  ?  If  a  ship  in  motion  fires  at  one  standing  still,  where  must^ 
be  the  aim  '  Why  in  this  case,  must  the  aim  be  behind  the  mark,^' 
What  other  illustrations  are  given  of  resultant  mction .'  \^hatis 
pendulum  '' 
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When  a  pendulum  swings,  it  ifs  said  to  vibrate ;  and  that 
part  of  a  circle  through  which  it  swings,  is  called  its  arc. 

The  times  of  the  vibration  of  a  pendujum  are'very  nearly 
equal,  whether  it  pass  through  a  greater  or  less  part  of  its  arc. 
Fig.  35.  Suppose  a  and 

b,  fig.  35,  to  be 
two  pendulums 
of  equal  length, 
and  suppose  the 
weights  of  each 
are  carried,  the 
one  to  c,  and  the 
other  to  d,  and 
both  let  fall  at 
the  same  instant; 
their  vibrations  would  be  equal  in  respect  to  time,  the  one 
passing  throuh  its  arc  from  c  to  e,  and  so  back  again,  in  the 
same  time  that  the  other  passes  from  d  to^,  and  back  again. 

The  reason  of  this  appears  to  be,  that  when  the  pendulum 
is  raised  high,  the  action  ot  gravity  draws  it  more  directly 
downwards,  and  it  therefore  acquires,  in  falling,  a  greater 
comparative  velocity  than  is  proportioned  to  the  trifling  ditfer- 
ence  of  height. 

In  the  common  clock,  the  pendulum  is  connected  with 
wheel  work,  to  regulate  the  motions  of  the  hands,  and  with 
weights  by  which  the  whole  is  moved.  The  vibrations  of  the 
pendulum  are  numbered  by  a  wheel  having  sixty  teeth,  which 
revolves  once  in  a  minute.  Each  tooth,  therefore,  answers 
to  one  swing  of  the  pendulum,  and  the  wheel  moves  forward 
one  tooth  in  a  second.  Thus  the  second  hand  revolves  once 
in  every  sixty  beats  of  the  pendulum,  and  as  these  beats  are 
seconds,  it  goes  round  once  in  a  minute.  By  the  pendulum, 
the  whole  machine  is  regulated,  for  the  clock  goes  faster,  or 
slower,  according  to  its  number  of  vibrations  in  a  given  time. 
The  number  of  vibrations  which  a  pendulum  makes  in  a  given 
time,  depends  upon  its  length,  because  a  long  pendulum  does 
not  perform  its  journey  to  and  from  the  corresponding  points 
of  its  arc  so  soon  as  a  short  one. 


What  is  meant  by  the  vibration  of  a  pendulum  ?  What  is  that  part 
of  a  circle  called,  through  which  it  swings  ?  Why  does  a  pendulum 
vibrate  in  equal  time,  whether  it  goes  through  a  small,  or  large  part  of 
Its  arc?  Describe  the  common  clock.  How  many  vibrations  has  the 
pendulum  in  a  minute  ?  On  what  depends  the  number  of  vibrations 
which  a  pendulum  makes  in  a  given  time  ? 
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"  As  the  motion  of  the  clock  is  regulated  entirely  by  the 
pendulum,  and  as  the  number  of  vibrations  are  as  its  lengthy 
the  least  variation  in  this  respect  will  alter  its  rate  of  going. 
To  beat  seconds,  its  length  must  be  about  39  inches.  In  the 
common  clock,  the  length  is  regulated  by  a  screw,  which 
raises  and  lowers  the  weight.  But  as  the  rod  to  which  the 
weight  is  attached,  is  subject  to  variations  of  length  iii  conse- 
quence of  the  change  of  the  seasons,  being  contracted  by  cold, 
and  lengthened  by  heat,  the  common  clock  goes  faster  in 
winter  than  in  summer. 

Various  means  have  been  contrived  to  counteract  the  ef- 
-fects  of  these  changes,  so  that  the  pendulums  may  continue 
the  same  length  the  whole  year.  Among  inventions  for  this 
purpose,  the  gridiron  pendulum  is  among  the  best.  It  is  so 
called,  because  it  consists  of  several  rods  of  metal  connected 
together  at  each  end. 

The  principle  on  which  this  pendulum  is  constructed,  is 
derived  from  the  fact,  that  some  metals  dilate  more  by  the 
same  degree  of  heat  than  others.  Thus  brass  will  dilate  twice 
as  much  by  heat,  and  consequently  contract  twice  as  much 
by  cold,  us  steel.  If  then  these  differences  could  be  made  to 
counteract  each  other  mutually,  given  points  at  each  end  of 
a  system  of  such  rods  would  remain  stationary  the  year  round, 
and  thus  the  clock  would  go  at  the  same  rate  in  all  climates, 
and  during  all  seasons. 

This  important  object  is  accomplished  by  the  fol- 
lowing means. 

Suppose  the  middle  rod,  fig.  36,  to  be  made  of 
brass,  and  the  two  outside  ones  of  steel,  all  of  the 
same  length.  Let  the  brass  rod  be  firmly  fixed  to 
the  cross  pieces  at  each  end.  Let  the  steel  rod  a, 
be  fixed  to  the  lower  cross  piece,  and  b,  to  the  upper 
cross  piece.  The  rod  a,  at  its  upper  end  passes 
through  the  cross  piece,  and  in  like  manner,  "b 
throutrh  the  lower  one.  This  is  done  to  prevent 
these  small  rods  from  playing  backwards  and  for- 
wards as  the  pendulum  swings. 

Now  as  the  middle  rod  is  lengthened  by  the  heat 
twice  as  much  as  the  outside  ones,  and  the  outside 
rods  together  are  twice  as  long  as  the  middle  one, 
the  acfual  length  of  the  pendulum  can  neither  be 

What  is  the  medium  length  of  n  pendulum  beating  seconds  ?     Why 
<]o€s  a  common  clock  go  faster  in  winter  than  in  summer? 
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increased,  nor  diminished  by  the  variations  of  tempera- 
ture. 
Fig.  37.  rp^  make  this  still  plainer,  suppose  the  lower 
"^  ^  cross  piece,  fig.  37,  to  be  standing  on  a  table,  so  that 
it  could  not  be  lengthened  downwards,  and  suppose 
by  the  heat  of  summer,  the  middle  rod  of  brass 
should  increase  one  inch  in  length.  This  would 
"  elevate  the  upper  cross  piece  an  inch,  but  at  the 
same  time  the  steel  rod  «,  swells  half  an  inch,  and 
the  steel  rod  h,  half  an  inch,  therefore,  the  two 
points  c  and  <■/,  would  remain  exactly  at  the  same 
'distance  from  each  other. 
As  it  is  the  force  of  gravity  which  draws  the  weight  of  the 
pendulum  from  the  highest  point  of  its  arc  downwards,  and 
as  this  force  increases,  or  diminishes,  as  bodies  approach  to- 
wards the  centre  of  the  earth,  or  recede  from  it,  so  the  pendu. 
lum  will  vibrate  faster,  or  slower,  in  proportion  as  this  attrac- 
tion  is  stronger  or  weaker. 

Now  it  is  found  that  the  earth  at  the  equator  rises  higher 
from  its  centre,  than  it  does  at  the  poles,  for  towards  the 
poles  it  is  flattened.  The  pendulum,  therefore,  being  more 
strongly  attracted  at  the  poles  than  at  the  equator,  vibrates 
faster.  For  this  reason,  a  clock  that  would  keep  exact  time 
at  the  equator,  would  gain  time  at  the  poles,  for  the  rate  at 
which  a  clock  goes,  depends  on  the  number  of  vibrations  its 
pendulum  makes.  Therefore,  pendulums,  in  order  to  beat 
seconds,  must  be  shorter  at  the  equator  and  longer  at  the 
poles.  ' 

For  the  same  reason,  a  clock,  which  keeps  exact  time  at 
the  foot  of  a  high  mountain  would  move  slower  on  its  top. 

There  is  a  short  pendulum,  used  by  musicians  for  marking 
time,  which  may  be  made  to  vibrate  fast  or  slow,  as  occasion 
requires.  This  little  instrument  is  called  a  metronome,  and 
besides  the  pendulum,  consists  of  several  wheels,  and  a  spiral 
spring,  by  wliich  the  whole  is  moved.     This  pendulum  is  only 

What  is  necessary  in  respect  to  the  penduhim,  to  make  tlie  clock  go 
true  the  year  round  ?  What  is  the  principle  on  wliich  the  gridiron  pen- 
dulum is  constructed?  What  are  the  metals  of  which  this  instrument 
is  made'  Explain  fig.  36,  and  give  the  reason  vvliy  the  length  of  the 
pendulum  will  not  change  by  the  variations  of  temperature.  Explain 
fig.  37.  What  is  the  downward  force  which  makes  the  pendulum  vi- 
brate ?  Explain  the  reason  why  the  same  clock  would  go  fastei;  at  the 
poles  and  slower  at  the  equator.  How  can  a  clock  which  goes  true  at 
flie  equator  be  made  to  go  true  at  the  poles .' 
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ten  or  twelve  inches  long,  and  instead  of  being  suspended 
by  the  end,  like  other  pendulums,  the  rod  is  prolonged  above 
the  point  of  suspension,  and  there  is  a  ball  placed  at  the  up- 
per, as  well  as  at  the  lower  extremity. 

'^"      '  This  arrangement  will  be  understood 

by  fig.  38,  where  a  is  the  axis  of  sus- 
pension, h  the  upper  ball,  and  c  the 
lower  one.  Now  when  this  pendulum 
vibrates  from  the  point  a,  the  upper 
ball  constantly  retards  the  motion  of 
the  lower  one,  by  in  part  counterbal- 
ancing its  weight,  and  thus  preventing 
its  full  velocity  downwards. 

Perhaps  this  will  be  more  apparent 
by  placing  the  pendulum,  fig.  39,  for 
a  moment  on   its  side,  and  across  a 
bar,  at  the  point  of  suspension. 
In  this  position,  it  will  be  seen, 
.  that  the  little  ball  would  prevent 

/Oy_ 1       r\—  the  large  one  from  falling  with 

KiJ  I  its   fulf  weight,    since,  were  it 

moved  to  a  certain  distance  from 
the  point  of  suspension,  it  would  balance  the  large  one,  so 
that  it  would  not  descend  at  all.  It  is  plain,  therefore,  that 
the  comparative  velocity  of  the  large  ball  will  be  in  proportion 
as  the  small  one  is  moved  to  a  greater  or  less  distance  from 
the  point  of  suspension.  The  metronome  is  so  constructed, 
the  little  ball  being, made  to  move  up  and  down  on  the  rod, 
at  pleasui-e,  and  thus  its  vibrations  are  made  to  beat  the  time 
of  a  quick  or  slow  tune  as  occasion  requires. 

By  this  arrangement,  the  instrument  is  made  to  vibrate 
every  two  seconds,  or  every  half,  or  quarter  of  a  second,  at 
pleasure. 


Fiff.  39. 


MECHANICS. 

Mechanics  is  a  science  which  investigates  the  laws  and  ef- 
fects of  force  and  motion. 

Will  a  clock  keep  equal  time  at  the  foot,  and  on  tlie  top  of  a  high 
mountain  ?  Why  will  it  not  ?  What  is  the  metronome  ?  How  does 
this  pendulum  dilfer  from  common  pendulums  ?  How  does  the  upper 
ball  retard  the  motion  of  the  lower  one  ?  How  is  the  metronome  made 
to  go  faster  or  slower  at  pleasure?     What  is  mechanics? 
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The  practical  object  of  this  science  is,  to  teach  the  best 
modes  of  overcoming  resistances  by  means  of  mechanical 
powers,  and  to  apply  motion  to  us  ful  purposes,  by  moans  of 
machinery. 

A  machine  is  any  instrument  bv  which  power,  motion,  or 
A'elocity  is  applied,  or  regulated. 

A  machine  may  be  very  simple,  or  exceedingly  complex. 
Thus  a  pin  is  a  machine  for  fastening  clothes,  and  a  steam 
engine  is  a  machine  for  propelling  mills  and  boats. 

As  machines  are  constructed  for  a  vast  variety  of  purposes, 
their  forms,  powers,  and  kinds  of  movement  must  depend  on 
their  intended  uses. 

Several  considerations  ought  to  precede  the  actual  con- 
struction of  a  newer  untried  machine  ;  for  if  it  does  not  ans- 
wer the  purpose  intended,  it  is  commonly  a  total  loss  to  the 
builder. 

Many  a  man,  on  attempting  to  applj'  an  old  principle  to  a 
•new  purpose,  or  to  invent  a  new  machine  for  an  old  purpose, 
has  been  sorely  disappointed,  and  when  he  came  to  the  actual 
test,  has  found,  too  late,  that  his  time  and  money  have 
been  thrown  away,  for  want  of  proper  reflection,  or  requisite 
knowledge. 

If  a  man,  for  instance,  thinks  of  constructing  a  machine 
for  raising  a  ship,  he  ought  to  take  into  consideration,  the  m- 
ertia,  or  weight,  to  be  moved — the  force  to  be  applied — the 
strength  of  the  materials,  and  the  space,  or  situation,  he  has 
to  work  in.  For,  if  the  force  applied,  or  the  strength  of  the 
materials  be  insufficient,  his  machine  is  obviously  useless ; 
and  if  the  force  and  strength  be  ample,  but  the  space  be 
wanting,  the  same  result  must  follow. 

If  he  intends  his  machine  for  twisting  the  fibres  of  flexible 
substances  into  threads,  he  may  find  no  difficulty  in  respect 
to  power,  strength  of  materials,  or  space  to  work  in,  but  if  the 
velocity,  direction,  and  kind  of  motion  he  obtains  be  not  ap- 
plicable to  the  work  intended,  he  still  loses  his  labor. 

Thousands  of  machines  have  been  constructed,  which,  so 
far  as  regards  the  skill  of  the  workmen,  the  ingenuity  of  the 
contriver,  and  the  construction  of  the  individual  parts,  were 
models  of  art  and  beauty  ;  and,  so  far  as  could  be  seen  with- 
out trial,  admirably  adapted  to  the  intended  purpose.  But  on 
putting  them  to  actual  use,  it  has  too  often  been  found  that 
their  only  imperfection  consi'itcd  in  a  stubborn  refusal  to  do 
any  part  of  the  work  intended. 

What  is  the  object  of  this  science?  "What  is  a  machine?  Mention 
one  of  the  most  simple,  and  one  of  the  most  complex  of  machines. 
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Now  a  thorough  knowledge  of  the  laws  of  motion,  and  the 
principles  of  mechanics  would,  in  many  instances  at  least, 
have  prevented  all  this  loss  of  labor  and  money,  and  what  is 
still  worse,  so  much  vexation  and  chagrin,  by  showing  the 
projector  that  his  machine  would  not  answer  the  intended 
purpose. 

The  importance  of  this  kind  of  knowledge  is  therefore  ob- 
vious, and  it  is  hoped  will  become  more  so  as  we  proceed. 

In  mechanics,  as  well  as  in  other  sciences,  there  are  words 
which  must  be  explained,  either  because  they  are  common 
words  used  in  a  peculiar  sense,  or  because  they  are  terms  of 
art,  not  in  common  use.  All  technical  terms  will  be  as  much 
as  possible  avoided,  but  still  there  are  a  few,  which  it  is  ne- 
cessary here  to  explain. 

Force  is  the  means  by  which  bodies  are  set  in  motion,  kept 
in  motion,  and,  when  moving,  are  brought  to  rest.  The  force 
of  gun-powder  sets  the  ball  in  motion,  and  keeps  it  moving, 
until  the  force  of  resisting  air,  and  the  force  of  gravity  bring 
it  to  test. 

Power  is  the  means  by  which  the  machine  is  moved,  and 
the  force  gained.  Thus  we  have  horse  power,  water  power, 
and  the  power  of  weights. 

Weight  is  the  resistance,  or  the  thing  to  be  moved  by  the 
force  of  the  power.  Thus  the  stone  is  the  weight  to  be 
moved  by  the  force  of  the  lever,  or  bar. 

Fulcrum,  or  prop,  is  the  point  or  part  on  which  a  thing  is 
supported,  and  about  which  it  has  more  or  less  motion.  In 
raising  a  stone,  the  thing  on  which  the  lever  rests,  is  the  ful- 
crum. 

In  mechanics  there  are  a  few  simple  machines  called  the 
mechanical  powers,  and  however  mixed,  or  complex,  a  combi- 
nation of  machinery  may  be,  it  consists  only  of  these  few  in- 
dividual powers. 

We  shall  not  here  burthen  the  memory  of  the  pupil,  with 
the  names  of  these  powers,  of  the  nature  of  which  he  is  at 
present  supposed  to  know  nothing,  but  shall  explain  the  action 
and  use  of  each  in  its  turn,  and  then  sum  up  the  whole  for 
his  accommodation. 

What  is  meant  by  force,  in  mechanics?  What  is  meant  by  power  ? 
What  is  understood  by  weight  ?  What  is  the  fulcrum  .->  Are  the  me- 
chanical powers  numerous,  or  only  icw  in  number  ? 
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The  Lever. 

Any  rod,  or  bar,  which  is  used  in  raising  a  weight,  or  sur- 
mounting a  resistance,  by  being  placed  on  a  fulcrum,  or  prop, 
becomes  a  lever. 

This  machine  is  the  most  simple  of  all  the  mechanical 
powers,  and  is  therefore  in  universal  use. 


Fig.  40. 


Fig.  40  represents  a 
straight  lever,  or  hand, 
spike,  called  also  a  crow- 
bar, which  is  commonly 
used  in  raising  and 
moving  stone  and  other 
heavy  bodies.  The 
block  h,  is  the  weight, 
or  resistance,  a  is  the 
lever,  and  c,  the  ftdcrum. 

The  j90tt"er  is  the  hand,  or  weight  of  a  man  applied  at  a,  to 
depress  that  end  of  the  lever,  and  thus  to  raise  the  weight. 

It  will  be  observed,  that  by  this  arrangement,  the  applica- 
tion  of  a  small  power  may  be  made  to  overcome  a  great  re- 
sistance. 

The  force  to  be  obtained  by  the  lever,  depends  on  its  length, 
together  with  the  power  applied,  and  the  distance  of  the 
weight  and  power  from  the  fulcrum. 

Fig.  41.  Supose  fig  41,  that  a,  is  the 

lever,  h  the  fulcrum,  d  the  weight 
to  be  raised,  and  c  the  power. 
Let  d,  be  considered  three  times 
as  heavy  as  c,  and  the  fulcrum 
three  times  as  far  from  c  as  it  is 

Of  \  from  d  ;  then  the  weight  and 
\.__^d  power  will  exactly  balance  each 
other.  Thus  if  the  bar  be  four 
feet  long,  and  the  fulcrum  three  feet  from  the  end,  then  three 
pounds  on  the  long  arm,  will  weigh  just  as  much  as  nine 
pounds  on  the  short  arm,  and  these  proportions  will  be  found 
the  same  in  all  cases. 


a, 


A 


What  is  a  lever  ?  What  is  the  simplest  of  all  mechanical  powers? 
Explain  fig.  40.  Which  is  the  weight :  Where  is  the  fulcrum  ?  Where 
is  the  power  applied  ?  What  is  the  power  in  this  case  ?  On  what  does 
the  force  to  be  obtained  by  the  lever  depend  r  Suppose  a  lever  4  feet 
long,  and  ihe  fulcrum  one  foot  from  the  end,  what  number  of  poundte 
will  balance  each  other  at  the  ends  ?  ^ 
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When  two  weights  balance  each  other,  the  fulcrum  is  al- 
ways at  the  centre  of  gravity  between  them,  and  therefore  to 
make  a  small  weight  raise  a  large  one,  the  fulcrum  must  be 
placed  as  near  as  possible  to  the  large  one,  since  the  grccvter 
the  distance  from  the  Julcrum  the  small  weight,  or  power  is, 
the  greater  will  be  its  force. 

Fig.  42.  Suppose  the  weight  b,  fig.  42, 

to  be  sixteen  pounds,  and  sup- 
U^  I  1    pose  the  fulcrum  to  be  placed  so 

J  ^-k.  A  near  it,  as  to   be  raised  by  the 

^  power  a,  of  four  pounds,  hang- 
ing equally  distant  from  the  ful- 
crum and  the  end  of  the  lever. 
If  now  the  power  a,  be  remov- 
ed, and  another  of  two  pounds,  c,  be  placed  at  the  end  of  the 
lever,  its  force  will  be  just  equal  to  a,  placed  at  the  middle  of 
the  lever. 

But  let  the  fulcrum  be  moved  along  to  the  middle  of  the 
lever,  with  the  weight  of  sixteen  pounds  still  suspended  to  it, 
it  would  then  take  another  weight  of  sixteen  pounds,  uistead 
of  two  pounds,  to  balance  it,  fig.  43. 

Thus  the  power  which  would 
Fig.  43.  balance  16  pounds,    when  the 

_  fulcrum  is  in  one  place,  must  be 

^  '1         exchanged    for    another  power 

weighing  8  times  as  much,  when 
the  fulcrum  is  in  another  place. 
From  these  investigations,  we 
may  draw  the  following  general 
truth,  or  proposition,  concerning 
the  lever.  "  That  the  force  of  the  lever  increases  in  proportion 
to  the  distance  of  the  power  from  the  fulcrum,  and  diminish- 
es  in  proportion  as  the  distance  of  the  weight  from  the  julcrum, 
increases y 

From  this  proposition  may  be  drawn  the  following  rule,  by 
which  the  exact  proportions  between  the  weight,  or  resistance, 
and   Ihe  power  may  be  found.     Multiply  the  weight  by  its 

When  weights  balance  each  other,  at  what  point  between  them  must 
the  fulcrum  be  ?  Suppose  a  weight  of  16  pounds  on  the  short  arm  of  a 
lever  is  counterbalanced  by  4  pounds  in  the  middle  of  the  long  arm, 
what  power  would  balance  this  weight  at  the  end  of  the  lever  ?  Sup- 
pose the  fulcrum  to  be  moved  to  the  middle  of  the  lever,  what  power 
would  then  be  equal  to  the  16  pounds  ?  What  is  the  general  proposi- 
tion drawn  from  these  results  ? 
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distance  from  the  fulcrum  ;  then  multiply  the  power  by  its 
distance  from  the  same  point,  and  if  the  products  are  equal, 
the  weight  and  the  power  will  balance  each  other. 

Suppose  a  weight  of  100  pounds  on  the  short  arm  of  a  lev- 
er, 8  inches  from  the  fulcrum,  then  another  weight,  or  power, 
of  8  pounds,  would  be  equal  to  this,  at  the  distance  of  100 
inches  from  the  fulcrum  ;  because  8  multiplied  by  100  is  equal 
to  800  ;  and  100  multiplied  by  8  is  equal  to  800,  and  thus 
they  would  mutually  counteract  each  other. 

^^S-  44.  Many  instruments  in  com- 

mon use  are  on  the  principle 
of  this  kind  of  lever.  Scis- 
sors,  fig.  44,  consist  of  two 
levers,  the  rivet  being  the 
fulcrum  for  both.  The  fin- 
gers are  the  power,  and  the 
cloth  to  be  cut,  the  resist- 
ance to  be  overcome. 
Pincers,  forceps,  and  sugar  cutters,  are  examples  of  this 
kind  of  lever. 

A  common  scale-beam,  used  for  weighing,  is  a  lever,  sus- 
pended at  the  centre  of  gravity,  so  that  the  two  arms  balance 
each  other.  Hence  the  machine  is  called  a  balance.  The 
fulcrum,  or  what  is  called  the  pivot,  is  sharpened,  like  a 
wedge,  and  made  of  hardened  steel,  so  as  much  as  possible  to 
avoid  friction. 

1^  ^^'  '  A  dish  is  suspended  by  cords 

to  each  end  or  arm  of  the  lever, 
for  the  purpose  of  holding  the 
articles  to  be  weighed.  When 
the  whole  is  suspended  at  the 
point  a,  45,  the  beam  or  lever 
'ought  to  remain  in  a  horizontal 
position,  one  of  its  ends  being  exactly  as  high  as  the  other. 
If  the  weights  in  the  two  dishes  are  equal,  and  the  support 
exactly  in  the  centre,  they  will  always  hang  as  represented  in 
the  figure. 

A  very  slight  variation  of  the  point  of  support  towards  one 

What  is  the  rule,  for  finding  the  proportions  between  the  weight  and 
power?  Give  an  illustration  of  this  rule.  What  instruments  operate 
on  the  principle  of  this  lever  ?  When  the  scissors  are  used,  what  is  the 
resistance,  and  what  the  power  ?  In  the  common  scale-beam  where  is 
the  fulcrum  ?     in  what  josition  ought  the  scale-beam  to  hang  ? 
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"end  of  the  lever,  will  make  a  difference  in  the  weights  em- 
ployed to  balance  each  other.  In  weighing  a  pound  of  sugar, 
"with  a  scale  beam  of  eight  inches  long,  if  the  point  of  support 
is  half  an  inch  too  near  the  weight,  the  buyer  would  be  cheat- 
ed  nearly  one  ounce,  and  consequently  nearly  one  pound  in 
eveiy  sixteen  pounds.  This  fraud  might  instantly  be  detected 
by  changing  the  places  of  the  sugar  and  weight,  for  then  the 
difference  would  be  quite  material,  since  the  sugar  would  then 
seem  to  want  twice  as  much  additional  weight  as  it  did  really 
want. 

The  steel-yard  differs  from  the  balance,  in  having  its  sup- 
port near  one  end,  instead  of  in  the  middle,  and  also  in  hav- 
ing the  weights  suspended  by  hooks,  instead  of  being  placed 
in  a  dish. 

^'S-  ^^-  If  We  suppose  the  beam  to  be 

1  2  S  It  S  S  ''^i'i^^^^slong,  and  the  hook,  c,  fig. 
^^  46,  to  be  one  inch  from  the  end, 
then  the  pound  weight  a,  will  re- 
quire an  additional  pound  at  J, 
for  every  inch  it  is  moved  from  it. 
This,  however,  supposes  that  the 
bar  will  balance  itself,  before  any  weights  are  attached  to  it. 
In  the  kind  of  lever  described,  the  weight  to  be  raised  is  on 
one  side  of  the  fulcrum,  and  the  power  on  the  other.  Thus 
the  fulcrum  is  between  the  power  and  the  weight.  There  is 
another  kind  of  lever,  in  the  use  of  which,  the  weight  is  pla- 
ced between  the  fulcrum  and  the  hand.  'In  other  words,  the 
weight  to  be  lifted,  and  the  power  by  which  it  is  moved  are 
•the  same  side  of  the  prop. 

Fig.  47.  This    arrangement    is 

represented  -by  fig.  47, 
where  w  is  the  weight,  I 
the  lever,/  the  fulcrum, 
andp  a  pulley,over  which 
a  string  is  thrown,  and  a 
small  weight  suspended, 
as  the  power.  In  the 
common  use  of  a  lever  of 
the  first  kind,  the  force  is 

How  may  a  fraudulent  scale-beam  be  made?  How  may  the  cheat 
be  detected?  How  does  the  steel-yard  differ  from  the  balance?  ]n 
the  first  kind  of  lever,  where  is  the  fulcrcum,  in  respect  to  the  weight 
and  power?  Ijii  the  second  kind  where  is  the  fulcrum,  in  respect  to  *.he 
weight  and  power  ? 
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gained  by  bearing  down  the  long  arm  of  the  lever,  which  ii 
called  pryi7ig.  In  the  second  kind  the  force  is  gained  by 
carrying  the  long  arm  in  a  contrary  direction,  or  upward,  and 
this  is  called  lifting. 

Levers  of  the  second  kind  are  not  so  comnion  as  the  first, 
but  are  frequently  used  for  certain  purposes.  The  oars  of  a 
boat  are  examples  of  the  second  kind.  The  water  against 
which  the  blade  of  the  oar  pushes,  is  the  fulcrum,  "the  boat  is 
the  weight  to  be  moved,  and  the  hands  of  the  man  the  power. 
Two  men  carrying  a  load  between  them  on  a  pole,  is  also 
an  example  of  this  kind  of  lever.  Each  man  acts  as  the  pow- 
er in  moving  the  weight,  and  at  the  same  time  each  becomes 
a  fulcrum  in  respect  to  the  other. 

If  the  weight  happens  to  slide  on  the  pole,  the  man  towards 
whom  it  goes,  has  to  bear  more  of  it  in  proportion  a^  its  dis- 
tance from  him  is  less  than  before. 

A.  load  at  a,  fig.  48,  is  borne 
equally  by  the  two  men,  being 
,,  equally  distant  from  each  ;  but 
at  &  three  quarters  of  its  weight 
would  be  on  the  man  at  that 
end,  because  three  quarters  of 
the  length  of  the  lever,  would 
be  on  the  side  of  the  other  man. 

In  the  third,  and  last  kind  of  lever,  the  weight  is  placed  at 
one  end,  the  fulcrum  at  the  other  end,  and  the  power  between 
them,  or  the  hand  is  between  the  fulcrum  and  the  weight  to  be 


Fig.  48. 

i         a 


lifted. 


Fig.  49. 


fV^^ 
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This  is  represented  by  fig. 
49,  where  c  is  the  fulcrum,  a 
the  power,  suspended  over  the 
pulley  &,  and  d  is  the  weight 
to  be  raised. 

This  kind  of  lever  works  to 
great  disadvantage,  since  the 
power  must  be  greater  than 
the  weight.  It  is  therefore 
seldom  used,  except  in  cases 


What  is  the  action  of  the  first  kind  called  ?  What  is  the  action  of 
the  second  kind  called  ?  Give  examples  of  the  second  kind  of  lever. 
In  rowing  a  boat,  what  is  the  fulcrum,  what  the  weight,  and  what  the 
power?  What  other  illustrations  of  this  principle  is  given?  In  the 
third  kind  of  lever,  where  are  the  respective  places  of  the  weight,  pow- 
er, and  fulcrum  ? 


tEYBR. 


71 


where  velocity  and  not  force  is  required'.  In  raising  a  ladder 
from  the  ground  to  the  roof  a  house,  men  are  obliged,  some- 
times to  make  use  of  this  principle,  and  the  great  difficulty  of 
raising  the  ladder  illustrates  the  mechanical  disadvantage  of 
this  kind  of  lever. 

We  have  now  described  the  three  kinds  of  levers,  and  we 
hope,  have  made  the  manner  in  which  each  kind  acts,  plain, 
by  illustrations.  But  to  make  the  difference  between  them 
still  more  obvious,  and  to  avoid  all  confusion,  we  will  here 
compare  them  together. 

In  the  first  kind,  the  weight,  or  resistance,  is  on  the  short 
arm  of  the  lever,  the  power,  or  hand,  on  the  long  arm,  and  the 
fulcrum  between  thfem.  In  the  second  kind,  the  weight  is 
between  the  fulcrum,  and  the  hand,  or  power  ;  and,  in  the 
third  kind,  the  hand  is  between  the  fulcrum  and  the  weight. 
•Fig.  50. 
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Fig.  51, 


Fig.  32. 
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In  fig.  50,  the  weight  and  hand  both  act  downwards.  In 
51,  the  weight  and  hand  act  in  contrary  directions,  the  hand 
upwards,  and  the  weight  downwards,  the  weight  being  be- 
tween.  In  52,  the  hand  and  weight  also  act  in  contrary  di- 
rections, but  the  hand  is  between  the  fulcrum  and  the  weight. 

What  is  the  disadvantage  of  this  kind  of  lever  ?  Give  an  example  of 
the  use  of  the  third  kind  of  lever.  In  what  direction  do  the  hand  and 
weight  act,  in  the  first  kind  of  lever  ?  In  what  direction  do  they  act  in^ 
the  second  kind .'     In  what  direction  do  they  act  in  the  third  kind  ? 


f^  LEVEB. 

Compound  Lever.  When  several  simple  levers  are  connect- 
cd  together,  and  act,  one  upon  the  other,  the  machine  is 
called  a  compound  lever.  In  this  machine,  as  each  lever  acts 
as  an  individual,  and  with  a  force  equal  to  the  action  of  the 
next  lever  upon  it,  the  force  is  increased  or  diminished,,  and 
becomes  greater  or  less  in  proportion  to  the  number  or  kind 
of  levers  emploj'ed. 

We  will  illustrate  this  kind  of  lever  by  a  single  example, 
but  must  refer  the  inquisitive  student  to  more  extended  works 
for  a  full  investigation  of  the  subject. 

Fig.  53.  Fig.   53, 

-  yj       J  represents  a 

i^  ^  ".^  compound 

*  A  lever,    con- 

sisting of  3 
O  simple  lev- 
ers  of  the 
first  kmd. 

In  calculating  the  force  of  this  lever,  the  same  rule  applies, 
which  has  been  given  for  the  simple  lever,  namely,  the  length 
of  the  long  arm  is  to  be  multiplied  by  the  moving  power,  and 
that  of  the  short  one,  by  the  weight,  or  resistance.  Let  us 
suppose,  then,  that  the  three  levers  in  the  figure  are  of  the 
same  length,  the  long  arms  being  six  inches,  and  the  short 
ones,  two  inches  long,  required,  the  weight  which  a  moving 
power  of  1  pound  at  a  will  balance  at  h.  In  the  first  place,  1 
pound  at  a,  would  balance  3  pounds  at  e,  for  the  lever  being 
6  inches,  and  the  power  1  pound,  6X  1=6,  and  the  short  one 
being  2  inches,  2  X  3=6.  The  long  arm  of  the  second  lever 
being  also  6  inches,  and  moved  with  a  power  of  3  pounds, 
multiply  the  3by  6=18;  and  multiply  the  length  of  the  short 
arm  being  2  inches,  by  9=18.  These  two  products  being 
equal,  the  power  upon  the  long  arm  of  the  third  lever,  atd, 
would  be  9  pounds.  9  pounds-f6=54,  and  27  X2,  is  54  ;  so 
that  1  pound  at  a  would  balance  27  at  6. 

The  increase  of  force  is  thus  slow,  because  the  proportion 
between  the  long,  and  short  arms,  is  only  as  2  to  6,  or  in  the 
proportions  of  1,  3,  9. 

What  is  a  compound  leTer?  By  what  rule  is  the  force  of  the  com- 
pound lever  calculated  ?  How  many  pounds  weight  will  be  raised  by 
three  levers  connected,  of  eight  inches  each,  with  the  fulcrum  two 
inches  from  the  end,  by  a  power  of  one  pound? 
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Now  suppose  the  long  arms  of  these  levers  to  be  18,  inches, 
and  the  short  ones  1  inch,  and  the  result  would  be  surprisingly 
different,  then  1  pound  at  a,  would  balance  18  pounds  at  e, 
and  the  second  lever  would  have  a  power  of  18  pounds.  This 
being  multiplied  by  the  length  of  the  lever,  18  18=324 
pounds  at  d.  The  third  lever  would  thus  be  moved  by  a  power 
of  324  pounds,  which,  multiplied  by  18  inches  for  the  weight 
it  would  raise,  would  gi\^6  5832  pounds. 

The  compound  lever  is  employed  in  the  construction  of 
weighing  machines,  and  particularly,  in  cases  where  great 
weights  are  to  be  determined,  in  situations  where  other  ma- 
chines would  be  inconvenient,  on  account  of  their  occupying 
too  much  space. 

^^heel  and  Axle. 

The  mechanical  power,  next  to  the  lever  in  simplicity,  is 

the  wheel  and  axle.  It  is  however,  much  more  complex  than  the 

lever.     It  consists  of  two  wheels,  one  of  which  is  larger  than 

the  other,   but  the  small  one  passes  tln-ough  the   larger,  and 

hence  both  have  a  common  centre,  on  which  they  turn. 

Fig.  64. 

The  manner   in  which   this 

machine  acts,  will  be  understood 
by  fig.  54.  The  large  wheel  «, 
on  turning  the  machine,  v/ill 
take  up,  or  throw  off  as  much 
more  rope  than  the  small  wheel 
6r  axle  h,  as  its  circumference  is 
greater.  If  we  suppose  the  cir- 
cumference of  the  large  wheel 
to  be  four  times  that  of  the  small 
one,  then  it  will  take  up  the  rope 
four  times  as  fast.     And  because 

a  is  four  tihies  aS  large  as  h,  1   pound  at  d  will  balance  4 

pounds  at  c,  on  the  opposite  side. 

The  principle  of  this  machine  is  that  of  the  lever,  as  will 

be  apparent  by  an  examination  of  fig.  55. 

If  the  long  arms  of  the  levers  be  18  inches,  and  the  short  one,  one 
inch,  how  much  will  a  power  of  one  pound  balance?  In  what  machines 
is  the  compound  lever  employed?  VV'liat  advantages  do  these  machines 
possess  over  others?  What  is  the  next  simple  mechanical  power  to 
the  lever?  Describe  this  machine.  Explain  fig.  54.  On  what  princi- 
ole  does  this  machine  act? 
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Fig.  55. 


This  figure  represents  the  machine 
endwise,  so  as  to  show  in  what  manner 
the  lever  operates.  The  two  weights 
hanging  in  opposition  to  each  other,  the 
one  on  the  wheel  at  a,  and  the  other  on 
the  axle  at  b,  act  in  the  same  manner  as 
if  they  were  connected  by  the  horizontal 
lever  a  b,  passing  from  one  to  the  other, 
having  the  common  centre,  c,  as  a  ful- 
crum betvjeen  them. 

The  wheel  and  axle,  therefore,  acts 
like  a  constant  succession  of  levers,  the 
long  arm  being  half  the  diameter  of  the 
wheel,  and  the  short  one  half  the  diameter  of  the  axle ;  the 
common  centre  of  both  being  the  fulcrum.  The  wheel  and 
axle,  has,  therefore,  been  called  the  perpetual  lever. 

The  great  advantage  of  this  mechanical  arrangement  is, 
that  while  a  lever  of  the  same  power,  can  raise  a  weight  but  a 
few  inches  at  a  time,  and  then  only  in  a  certain  direction,  this 
machine  exerts  a  continual  force,  and  in  any  direction  wanted. 
To  change  the  direction,  it  is  only  necessary  that  the  rope  by 
which  the  weight  is  to  be  raised,  should  be  carried  in  a  line 
perpendicular  to  the  axis  of  the  machine,  to  the  place  below 
which  the  weight  lies,  and  there  be  let  fall  over  a  pulley. 


Fig.  56. 


Suppose  the  wheel 
and  axle,  fig.  56,  is 
erected  in  the  third 
story  of  a  store  house, 
with  the  axis  over  the 
scuttles,  or  doors 
through  the  floors,  so 
that  goods  can  be  raised 
by  it  from  the  ground 
floor,  in  the  direction 
of  the  weight  a.  Sup- 
pose also,  that  the  same 
store  stands  on  a  wharf, 
where  ships  come  up  to 


In  fig.  55,  which  is  the  fulcrum,  and  which  the  two  arms  of  the  lever  ? 
What  is  this  machine  called,  in  reference  to  the  principle  on  which  it 
acts?  What  is  the  great  advantage  of  this  machine  over  the  lever  and 
other  mechanical  powers  ?  Describe  fig.  56,  and  point  out  the  manner 
in  which  w-eights  can  be  raised  by  letting  fall  a  rope  over  the  pulley. 
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its  side,  and  goods  are  to  be  removed  from  the  vessels  into  the 
upper  stories.  Instead  of  removing  the  goods  into  the  store^ 
and  hoisting  them  in  the  direction  of  a,  it  is  only  necessary  to 
carry  the  rope  b,  over  the  pulley  c,  which  is  at  the  end  of  a 
strong  beam  projecting  out  from  the  side  of  the  store,  and  then 
the  goods  will  be  raised  in  the  direction  of  d,  thus  saving  the 
labor  of  moving  them  twice. 

The  wheel  and  axle,  under  different  forms,  is  applied  to  a 
variety  of  common  purposes. 

^'S-  ^^'  The  capstan^  in  universal  use,  on 

board  of  ships  and  other  vessels,  i& 
an  axle  placed  upright,  with  a  head, 
or  drum,  a,  fig.  57,  pierced  with 
holes,  for  the  levers  b,  c,  d.  The 
weight  is  drawn  by  the  rope  e,  pass- 
ing two  or  three  times  round  the 
axle  to  prevent  its  slipping. 

This  is  a  very  powerful,  and  con- 
venient machine.  When  not  in  use, 
the  levers  are  taken  out  of  their  pla- 
ces and  laid  aside,  and  when  great  force  is  required,  two,  or 
three  men  can  push  at  each  lever. 

The  common  windlass  for  drawing  water,  is  another  modi- 
fication of  the  wheel  and  axle.  The  winch,  or  crank,  by 
which  it  is  turned,  is  moved  around  by  the  hand,  and  there  is 
no  difference  in  the  principle,  whether  a  whole  wheel  is  turned, 
or  a  single  spoke.  The  windlass,  therefore,  answers  to  the 
wheel,  while  the  rope  is  taken  up,  and  the  weight  raised  by  the 
axle,  as  already  described. 


Fiff.  58. 


In  cases  where  great 
weights  are  to  be  raised, 

3  and  it  is  required  that  the 
machine  should  be  as 
small  as  possible,  on  ac- 
count  of  room,  the  simple 
wheel  and  axle,  modified 
as  represented  by  fig.  58, 
is  sometimes  used. 
The  axle  may  be  con- 

]  sidered  in  two  parts,  one 


What  is  the  capstan,  where  is  it  chiefly  used  ?  What  are  the  pecu- 
liar advantages  of  this  form  of  the  wheel  and  axle  ?  In  the  common' 
A^indlass,  what  part  answers  to  the  wheel  ? 
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of  which  is  larger  than  the  other.  The  rope  is  attached  by- 
its  two  ends  to  the  ends  of  the  axle,  as  seen  in  the  figure. 
The  weight  to  be  raised  is  attached  to  a  small  pulley,  or  wheel, 
round  which  the  rope  passes.  The  elevation  of  the  weight 
may  be  thus  described.  Upon  turning  the  axle,  the  rope  is 
coiled  around  the  larger  part,  and  at  the  same  time  it  is 
thrown  off  the  smaller  part.  At  every  revolution,  therefore, 
a  portion  of  the  rope  will  be  drawn  up,  equal  to  the  circum- 
ference of  the  thicker  part,  and  at  the  same  time  a  portion, 
equal  to  that  of  the  thinner  part,  will  be  let  down.  On  the 
whole,  then,  one  revolution  of  the  machine  will  shorten  the 
rope  where  the  weight  is  suspended,  just  as  much  as  the  dif- 
ference  between  the  circumference  of  the  two  parts. 

Now  to  understand  the  principle  on  which 
this  machine  acts,  we  must  refer  to  fig.  69, 
where  it  is  obvious  that  the  two  parts  of  the 
rope  a  and  &,  equally  support  the  weight  c?, 
and  that  the  rope,  as  the  machine  turns,  pass- 
es from  the  small  part  of  the  axle  e,  to  the 
large  part  li,  consequently  the  weight  does 
not  rise  in  a  perpendicular  line  towards  c,  the 
centre  of  both,  but  in  a  line  between  the  but- 
sides  of  the  large  and  small  parts.  Let  us, 
consider  what  would  be  the  consequence  of 
changing  the  rope  a  to  the  larger  part  of  the 
axle,  so  as  to  place  the  weight  in  a  line  per- 
pendicular to  the  axis  of  motion.  In  this  case, 
it  is  obvious  that  the  machine  would  be  in  equilibrium,  since 
the  weight  d,  would  be  divided  between  the  two  sides  equally, 
and  the  two  arms  of  a  lever  passing  through  the  centre  c, 
would  be  of  equal  length,  and  therefore  no  advantage  would 
be  gained.  But  in  the  actual  arrangement,  the  weight  being 
sustained  equally  by  the  large  and  small  parts,  there  is  involv- 
ed a  lever  power,  the  long  arm  of  which  is  equal  to  half  the 
diameter  of  the  large  part,  while  the  short  arm  is  equal  to  half 
the  diameter  ot  the  small  part,  the  fulcrum  being  between 
them. 

Explain  fig.  58.  Why  is  the  rope  shortened,  and  the  weight  raised  ? 
What  is  the  design  of  fig.  59?  Does  the  weiglit  rise  perpendicular  to 
the  axis  ♦f  motion  ?  Suppose  the  cylinder  was,  throughout,  of  the  same 
size,  what  would  be  the  consequence?  On  what  principle  does  this 
machine  act  ?  Which  are  the  long,  and  short  arras  of  the  lever,  and 
where  is  the  fulcrum  ? 
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As  the  wheel  and  axle  is  only  a  modificatiion  of  the  simple 
lever,  so  a  system  of  wheels  acting  on  each  other,  and  trans- 
mitting  the  power  to  the  resistance,  is  only  another  form  of 
the  compound  lever. 

Such  a  combination  is 
shown  at  fig.  60.  The 
first  wheel,  a,  by  means 
of  the  teeth,  or  cogs 
around  its  axle,  moves 
the  second  wheel,  b, 
with  a  force  equal  to  that 
of  a  lever,  the  long  arm 
of  which  extends  from 
the  centre  of  the'wheel 
and  axle  to  the  circum- 
ference of  the  wheel, 
where  the  power,  p,  is 
suspended,  and  the  short 
arm  from  the  same  centre  to  the  ends  of  the  cogs.  The  dot- 
ted  line  c,  passing  through  the  centre  of  the  wheel  a,  shows 
the  position  of  the  lever,  as  the  wheel  now  stands.  The  cen- 
tre on  which  both  wheels  turn,  it  will  be  obvious,  is  the  ful- 
crum  of  this  lever.  As  the  wheel  turns,  the  short  arm  of  this 
lever  will  act  upon  the  long  arm  of  the  next  lever  by  means  of 
the  teeth  on  the  circumference  of  the  wheel  b,  and  this  again 
through  the  teeth  on  the  axle  of  b,  wiU  transmit  its  force  to 
the  circumference  of  the  wheel  d,  and  so  by  the  short  arm  of 
the  third  lever  to  the  weight  w.  As  the  power,  or  small 
weight  falls,  therefore,  the  resistance,  w,  is  raised,  with  the 
multiplied  force  of  three  levers,  acting  on  each  other. 

In  respect  to  the  force  to  be  gained  by  such  a  machine, 
suppose  the  number  of  teeth  on  the  axle  of  the  wheel  a,  to  be 
six  times  less  than  the  number  of  those  on  the  circumference 
of  the  wheel  b,  then  b  would  only  turn  round  once,  while  a 
turned  six  times.  And  in  like  manner,  if  the  number  of  teeth 
on  the  circumference  ofd,  be  six  times  greater  than  those  on 
the  axle  of  &,  then  d  would  turn  once,  while  b  turned  six 
times.  Thus  six  revolutions  of  a  would  make  b  revolve  once, 
and  six  revolutions  of  b,  would  make  d  revolve  once.  There- 
fore a  makes  thirty-six  revolutions,  while  d  makes  only  one. 

On  what  principle  does  a  system  of  wheels  act,  as  represented  in  fig. 
60?  Explain  fig.  60,  and  show  how  the  power,  p,  is  transferred,  by  th© 
action  of  levers  to  w. 
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The  diameter  of  the  wheel  a,  being  three  times  the  diame- 
tor  of  the  axle  of  the  wheel  d,  and  its  velocity  of  motion  being 
36  to  1,  3  tiroes  36  will  give  the  weight  which  a  power  of  1 
pound  at  p,  would  raise  at  w.  Thus  36x3=108.  One 
pound  atp  would  therefore  balance  108  pounds  attw. 

If  the  student  has  attended  closely  to  what  has  been  said 
on  mechanics,  he  will  now  be  prepared  to  understand,  that 
no  machine,  however  simple  or  complex  it  may  be,  can  create 
the  least  degree  of  force.  It  is  true  that  one  man  with  a 
machine,  may  apply  a  force  which  a  hundred  could  not  exert 
with  their  haads,  bat  then  it  would  take  him  a  hundred  times 
as  long. 

Suppose  there  are  twenty  blocks  of  stone  to  be  moved  a 
hundred  feet ;  perhaps  twenty  men,  by  taking  each  a  block, 
would  move  them  all  in  a  minute.  One  man,  with  a  capstan, 
we  will  suppose,  may  move  them  all  at  once,  but  this  man, 
with  his  lever,  would  have  to  make  one  revolution  for 
every  foot  he  drew  the  whole  load  towards  him,  and  there- 
fore to  make  one  hundred  revolutions  to  perform  the  whole  ■ 
work.  It  would  also  take  him  twenty  times  as  long  to  do  it, 
as  it  took  the  twenty  men.  His  task,  indeed,  would  be  more 
than  twenty  times  harder  than  that  performed  by  the  twenty 
men,  for  in  addition  to  moving  the  stone,  he  would  have  the 
friction  of  the  machinery  to  overcome,  which  commonly 
amounts  to  nearly  one  third  of  the  force  employed. 

Hence  there  would  be  an  actual  loss  of  power  by  the  use  of 
the  captan,  though  it  might  be  a  convenience  for  the  one 
man  to  do  his  work  by  its  means,  rather  than  to  call  in  nine- 
teen of  his  neighbours  to  assist  him. 

The  same  principle  holds  good  in  respect  to  other  machi- 
nery,  where  the  strength  of  man  is  employed  as  the  power,  or 
prime  mover.  There  is  no  advantage  gained,  except  that  of 
convenience.  In  the  use  of  the  most  simple  of  all  machines, 
the  lever,  and  where,  at  the  same  time,  there  is  the  least  force 
lost  by  friction,  there  is  no  actual  gain  of  power,  for  what 
seems  to  be  gained  in  force  is  always  lost  in  velocity.  Thus 
if  a  lever  is  of  such  length  to  raise  100  pounds  an  inch  by 
the  power  of  one  pound,  its  long  arm  must  pass  through  a 

What  weight  will  one  pound  at  p,  balance  at  w  ?  Is  there  any  actual 
power  gained  by  the  use  of  machinery?  Suppose  20  men  to  move  20 
stones  to  a  certain  distance  with  their  hands,  and  one  man  moves  them 
back  to  the  same  place  with  a  capstan,  which  performs  the  most  actual 
labor?    Why?     Why  then  is  machinery  a  convenience ' " 
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space  of  100  inches.     Thus  what  is  gained  in  one  way  is 
lost  in  another. 

Any  power  by  which  a  machine  is  moved,  must  be  equal  to 
the  resistance  to  be  overcome,  and,  in  all  cases  where  the 
power  descends,  there  will  be  a  proportion  between  the  velo- 
city with  which  it  moves  downwards,  and  the  velocity  with 
which  the  weight  moves  upwards.  There  will  be  no  differ- 
ence in  this  respect,  whether  the  machine  be  simple  or  com- 
pound, for  if  its  force  be  increased  by  increasing  the  number 
of  levers,  or  wheels,  the  velocity  of  the  moving  power  must 
also  be  increased,  as  that  of  the  resistance  is  diminished. 

There  being,  then,  always  a  proportion,  between  the  velo- 
city with  which  the  moving  force  descends,  and  that  with 
which  the  weight  ascends,  whatever  this  proportion  may  be, 
it  is  necessary  that  the  power  should  have  to  the  resistance 
the  same  ratio  that  the  velocity  of  the  resistance  has  to  the 
velocity  of  the  power.  In  other  words,  "  The  power  inulti- 
plied  by  the  space  through  which  it  moves,  in  a  vertical  direc- 
tion, must  be  equal  to  the  weight  multiplied  by  the  space  through 
which  it  moves  in  a  vertical  direction." 

This  law  is  known  under  the  name  of  "tl»e  law  of  virtuatl 
velocities,"  and  is  considered  the  golden  rule  of  mechanics. 

This  principle  has  already  been  explained,  while  treating 
of  the  lever,  but  that  the  student  should  want  nothing  to  assist 
him  in  clearly  comprehending  so  important  a  law,  we  will 
again  illustrate  it  in  a  different  manner. 

Fig.  61.  Suppose   a  weight  of  ten  pounds  to  be 

a,  suspended  on  the  short  arm  of  the  lever, 
fig.  61,  and  that  the  fulcrum  is  only  one 
inch  from  the  weight ;  then,  if  the  lever  be 
ten  inches  long,  on  the  other  side  of  the 
fulcrum,  one  pound  at  a  would  raise,  or 

O/  balance,  the  ten  pounds  at  h.  But  in  raising 
the  ten  pounds  one  inch  in  a  vertical  direc- 
tion, the   long  artn  of  the  lever  would  fall 

In  the  use  of  the  lever,  what  proportion  is  there  between  the  force  of 
the  short  arm,  and  the  velocity  of  the  long  arm  ?  How  is  this  illustra- 
ted ?  It  is  said,  that  the  velocity  of  the  power  downwards,  must  be  in 
proportion  to  that  of  the  weight  upwards  ?  Does  it  make  any  differ- 
ence, in  this  respect,  whether  the  machine  be  simple  or  compound' 
What  is  the  golden  rule  of  mechanics?  Under  what  name  is  this  law 
known?  Explain  fig.  61,  and  show  how  the  rulo  is  illustrated  by  that 
figure. 
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ten  inches  in  a  vertical  direction,  and  therefore  the  velocity 
of  a  would  be  ten  times  the  velocity  of  h. 

The  application  of  this  law,  or  rule,  is  apparent.  The  pow- 
er is  1  pound,  and  the  space  through  which  it  falls  is  10  inch- 
es, therefore  10X1=10,  The  weight  is  10  pounds,  and  the 
space  through  which  it  rises  is  one  inch,  therefore  1  X  10=10. 
Thus  the  power,  multiplied  by  the  space  through  which  it 
moves,  is  exactly  equal  to  the  weight,  multiplied  by  the  space 
through  which  it  moves. 

^^'  "*  ■  Again,  suppose  the  lever, 

'fig.  62,  to  be  thirty  inches 
long,  from  the  fulcrum  to  the 
point  where  the  power  'p  is 
suspended,  and  that  the 
weight  w  is  two  inches  from 
i  the  fulcruha.  If  the  power 
5  be  1  pound,  the  weight  must 
•  be  fifteen  pounds,  to  produce 
I  equilibrium,  and  the  power 
p  must  fell  thirty  inches,  to 
raise  the  weight  w  two  inch- 
es. Therefore  the  power 
being  1  pound,  and  the  space  30  inches,  30x1=30.  The 
weight  being  15  pounds,  and  the  space  2  inches,  15X2=30. 
Thus  the  power,  multiplied  by  the  space  through  which  it 
falls,  and  the  weight,  multiplied  by  the  space  through  which 
it  rises,  areetjual. 

However  complex  the  machine  may  be,  by  which  the  force 
of  a  descending  power  is  transmitted  to  the  weight  to  be  raised, 
the  same  rule  will  apply,  as  it  does  to  the  action  of  the  sim- 
ple lever. 

The,  Pulley. 
A  fulley,  consists  of  a  wheel,  which  is  grooved  on  the  edge, 
and  which  is  made  to  turn  on  its  axis,  by  a  cord  passing 
over  it. 


Explain  fig.  62,  and  show  how  the  same  rule  is  illustrated  by  it. 
Wliat  is  said  of  the  applic«tion  of  this  rule  to  complex  machines ' 
■What  is  a  pulley  ? 
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Fig.  63,  represents  a  simple  pulley, 
with  a  single  fixed  wheel."  In  other 
forms  of  the  machine,  the  wheel  moves 
up  and  down,  with  the  weight. 

The  pulley  is  arranged   among  the 

simple  mechanical    powers,  but  when 

several  are  connected,  the  machine  is 

called  a  system  of  pullies,  or  a  compound 

^pulley. 

One  of  the  most  obvious  advantages 
of  the  pulley  is,  its  enablmg  men  to  exert 
their  own  power,  in  places,  where  they  cannot  go  themselves. 
Thus,  by  means  of  a  rope  and  wheel,  a  man  can  stand  on  the 
decK  of  a  ship,  and  hoist  a  weight  to  the  topmast. 

By  means  of  two  fixed  pulUes,  a  weight  may  be  raised  up- 
ward, while  the  power  moves  in  a  horizontal  direction.  The 
weight  will  also  rise  vertically  through  the  same  space  that 
the  rope  is  drawn  horizontally. 

Fig  64.  Fig.  64  represents  two  fixed 

pullies,  as  they  are  arranged  for 
such  a  purpose.  In  the  erec- 
tion of  a  lofty  edifice,  suppose 
the  upper  pulley  to  be  suspend- 
ed to  some  part  of  the  building  ; 
then  a  horse,  pulling  at  the  rope 
a,  would  raise  the  weight  w 
vertically,  as  far  as  he  went 
horizontally. 
-V.  In  the  use  of  (he  wheel  of  the 
\  pulley,  there  is  no  mechanical 
'  advantage,  except  that  which 
arises  from  removing  the  friction,  and  diminishing  the  imper- 
fect flexibility  of  the  rope. 

In  the  mechanical  effects  of  this  machine,  the  result  would 
be  the  same,  did  it  slide  on  a  smooth  surface  with  the  same 
ease  that  its  motion  makes  the  wheel  revolve. 

The  action  of  the  pulley  is  on  a  different  principle  from  that 
of  the  wheel  and  axle.  A  system  of  wheels,  as  already  ex- 
plained, acts  on   the  same  principle   as  the  compound  lever. 

What  is  a  simple  pulley  .■'  What  is  a  system  of  pullies,  or  a  cobi- 
pound  pulley  ?  What  is  the  most  obvious  advantage  of  the  pulley  ? 
How  must  two  fixed  pullies  be  placed,  to  raise  a  weight  vertically,  as 
far  as  tiie  power  goes  horizontally  .'  What  is  the  advantage  of  the 
wheel  of  the  pulley  .' 
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Fig.  66. 


But  the  mechanical  efficacy  of  a  system  of  pullies,  is  derived 
entirely  from  the  division  of  the  weight  among  the  strings  em- 
ployed in  suspending  it.  In  the  use  of  the  singlejixed  pulley, 
there  can  be  no  mechanical  advantage,  since  the  weight  rises 
as  fast  as  the  power  descends.  This  is  obvious  by  fig.  63  ; 
where  it  is  also  apparent  that  the  power  and  weight  must  be 
exactly  equal,  to  balance  each  other. 

Fig.  65.  In  the  single  moveable  pulley,  fig.  65,  the 

same  rope  passes  from  the  fixed   point  a,  to 
'  '   the  power  p.     It  is  evident,  here,  that  the 

weight  is  supported  equally  by  the  two  parts 
of  the    string    between    which    it    bangs. 
Therefore,    if  we  call    the    weight  w,  ten 
pounds,  five   pounds  will  be    supported  by 
one  string,  and  five  by  the  other.     The  pow- 
er, then,  will  support  twice  its  own  weight, 
so  that  a  person  pulling  with  a  force  of  five 
pounds  at  p,  will   raise   ten   pounds  at  w. 
The  mechanical    force  therefore,  in  respect 
to  the  power  is  astwo  to  one. 
In  this  example,  it  is  supposed  there  are  only 
r  two  ropes,  each  of  which  bears  an  equal  part  of 
the  weight. 

If  the  number  of  ropes  be  increased,  the 
weight  may  be  increased,  with  the  same  power; 
or  the  power  may  be  diminished  in  proportion 
as  the  number  of  ropes  is  increased.  In  fig. 
66,  the  number  of  ropes  sustaining  the  weight, 
is  four,  and  therefore,  the  weight  may  be  four 
times  as  great  as  the  power.  This  principle 
must  be  evident,  since  it  is  plain  that  each  rope 
sustains  an  equal  part  of  the  weight.  The 
weight  may  therefore  be  considered  as  divided 
into  four  parts,  and  each  part  sustained  by  one 
rope. 

In  fig.  67,  there  is  a  system  of  pullies  repre- 
resented,  in  which  the  weight  is  sixteen  times 
the  power. 

How  does  the  action  of  the  pulley  differ  from  that  of 
the  wheel  and  axle  ?  Is  there  any  mechanical  advan- 
tage in  the  fixed  pulley  ?  What  weight  at  /»,  fig.  65, 
will  balance  ten  pounds  at  vj '  Suppose  the  number  of 
ropes  to  be  increased,  and  the  weight  increased,  must 
the  power  be  increased,  also.' 
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Fig.  67.  The  tension  of  the  rope  d,  e,  is 

^  evidently  equal  to  the  power,  jp,  be- 
cause it  sustains  it :  d,  being  a 
moveable  pulley,  must  sustain  a 
weight  equal  to  twice  the  power  ; 
but  the  weight  which  it  sustains, 
is  the  tension  of  the  second  rope, 
d,  c.  Hence  the  tension  of  the  se- 
cond  rope  is  twice  that  of  the  first, 
and,  in  like  manner,  the  tension  of 
the  third  rope  is  twice  that  of  the 
second,  and  so  on,  the  weight  being 
equal  to  twice  the  tension  of  the 
last  rope. 

Suppose  the  weight  w,  to  be  six- 
teen pounds,  then  the  two  ropes 
8  and  8  would  sustain  just  8  pounds 
each,  this  being  the  whole  weight 
divided  equally  between  them. 
The  next  two  ropes,  4  and  4, 
would  evidently  sustain  but  half 
this  whole  weight,  because  the 
other  half  is  already  sustained  by 
a  rope,  fixed  at  its  upper  end.  The  next  two  ropes  sustain 
but  half  of  4,  for  the  same  reason;  and  the  next  pair,  1  and 
1  for  the  same  reason,  will  sustain  only  half  of  2.  Lastly, 
the  power  «,  will  balance  two  pounds,  because  it  sustains  but 
half  this  weight,  the  other  half  being  sustained  by  the  same 
rope,  fixed  at  its  upper  end. 

It  is  evident,  that  in  this  system,  each  rope  and  pulley 
which  is  added,  will  double  the  efl'ect  of  the  whole.  Thus, 
by  adding  another  rope  and  pulley  beyond  8,  the  weight  w 
niight  be  32  pounds,  instead  of  16,  and  still  be  balanced  by 
the  same  power. 

In  our  calculations  of  the  effects  of  puUies,  we  have  allowed 
nothing  for  the  weight  of  the  pullies  themselves,  or  for  the 
friction  of  the  ropes.     In  practice,  however,  it  will  be  found, 

Suppose  the  weight,  fig.  66,  to  be  32  pounds,  what  will  each  rope 
bear?  Explain  fig.  67,  and  show  what  part  of  the  weight  each  rope 
sustains,  and  why  1  pound  at  p,  will  balance  16  pounds  at  to.  Explain 
the  reason  why  each  additional  rope  and  pulley  will  double  the  effect 
of  the  whole,  or  why  its  weight  may  be  double  by  that  of  all  the  oth- 
ers, with  the  same  power. 
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that  nearly  one  third  must  be  allowed  for  friction,  and  that 
the  power,  therefore,  to  actually  raise  the  weight  must  be 
about  one  third  greater  than  has  been  allowed. 

The  pulley,  like  other  machines,  obeys  the  law  of  virtual 
velocities,  already  applied  to  the  lever  and  wheel.  Thus,  "in 
a  system  of  puUies,  the  ascent  of  the  weight,  or  resistance,  is 
as  much  less,  than  the  descent  of  the  power,  as  the  weight  is 
greater  than  the  power."  If,  as  in  the  last  example,  the  weight 
is  16  pounds,  and  the  power  1  pound,  the  weight  will  rise 
only  one  foot,  while  the  power  descends  16  feet. 

In  the  single  fixed  pulley,  the  weight  and  power  are  equal, 
and  consequently,  the  weight  rises  as  fast  as  the  power  de- 
scends. 

With  such  a  pulley,  a  man  may  raise  himself  up  to  the 
mast  head  by  his  own  weight.  Suppose  a  rope  is  thrown 
over  a  pulley,  and  a  man  ties  one  end  of  it  round  his  body, 
and  takes  the  other  end  in  his  hands.  He  may  raise  himself 
up,  because,  by  pulling  with  his  hands,  he  has  the  power  of 
throwing  more  of  his  weight  on  that  side  than  on  the  other, 
and  when  he  does  this,  his  body  will  rise.  Thus,  although 
the  power  and  the  weight  are  the  same  individual,  still  the 
man  can  change  his  centre  of  gravity,  so  as  to  make  the  pow- 
er greater  than  the  weight,  or  the  weight  greater  than  the 
power,  and  thus  can  elevate  one  half  his  weight  in  succession 

The  Inclined  Plane. 
The  fourth  simple  mechanical  power  is  the  inclined  -plane. 
Fig.  68.  This  power  consists  of  a  plain, 

*  smooth  surface,  which  is  inclined 

towards,  or  from  the  earth.  It  is 
represented  by  fig.  68,  where  from 
a  to  6  is  the  inclined  plane ;  the 
line  from  d  to  a,  is  its  height,  and 
that  from  h  to  d,  its  base. 
^  A  board,  with  one  end  on  the 
ground,  and  the  other  end  resting 
on  a  block,  becomes  an  inclined  plane. 

This  machine,  being  both  useful  and  easily  constructed,  is 
in  very  general  use,  especially  where  heavy  bodies  are  to  be 
raised  only  to  a  small  height.     Thus  a  man,  by  means  of  an 

In  compound  machines,  how  much  of  the  power  must  be  allowed  for 
the  friction  ?  How  may  a  man  raise  himself  up  by  means  of  a  rope  and 
single  fixed  pulley  ?     What  is  an  inclined  plane  ? 
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inclined  plane,  which  he  can  readily  construct  with  a  board, 
or  couple  of  bars,  can  raise  a  load  into  his  wagon,  which  ten 
men  could  not  lift  with  their  hands. 

The  power  required  to  force  a  given  weight  up  an  inclined 
plane,  is  in  a  certain  proportion  to  its  height,  and  the  length  of 
its  base,  or,  in  other  words,  the  force  must  be  in  proportion  to 
the  rapidity  of  its  inclination. 

Fig.  69.  The  power  p,  fig.  69, 

pulling  a  weight  up  the 
inclined  plane,  from  cto 
d,  only  raises  it  in  a  per- 
pendicular  direction  from 
e  to  d,  by  acting  along 
the  whole  length  of  the 
plane.  If  the  plane  be 
twice  as  long  as  it  is  high, 
that  is,  if  the  line  from  c  to  <Z  be  double  the  length  of  that  from 
e  to  d,  then  one  pound  at  f  will  balance  two  pounds  any  where 
between  d  and  c.  It  is  evident,  by  a  glance  at  fig.  69,  that 
were  the  base,  that  is,  the  line  from  e  to  c  lengthened,  the 
height  from  e  to  d  being  the  same,  that  a  less  power  at  p, 
would  balance  an  equal  weight  any  where  on  the  inclined 
plane ;  and  so  on  the  contrary,  Avere  the  base  made  shorter, 
that  is  the  plane  more  steep,  the  power  must  be  increased  in 
proportion. 

Suppose  two  inclined  planes, 
fig.  70,  of  the  same  height, 
with  bases  ofdiflTerent  lengths; 
then  the  weight  and  power, 
will  be  to  each  other  as  the 
length  of  the  planes.  If  the 
length  from  a  to  h,  is  two  feet, 
and  that  from  h  to  c,  one  foot, 
then  two  pounds  at  d,  will  balance  four  pounds  at  w,  and  so  in 
this  proportion,  whether  the  planes  be  longer  or  shorter. 

The  same  principle,  with  respect  to  the  verticle  velocities 
of  the  weight  and  power  applies  to  the  inclined  plane,  in  com- 
morl  with  the  other  mechanical  powers. 

On  what  occasions  is  this  power  chiefly  used  ?  Suppose  a  man  wants 
to  load  a  barrel  of  cider  into  his  wacrgon,  how  does  he  make  an  inclined 
plane  for  this  purpose  ?  To  roll  a  "given  weight  up  an  inclined  plane, 
to  what  must  the  force  be  proportioned?  Explain  fig.  69.  If  the 
length  of  the  long  plane,  fig.  70,  be  double  that  of  the  short  one,  what 
must  be  the  proportion  between  the  power  and  the  weight? 

8* 
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Fig.  71,  Suppose  the  inclined  plane,  fig. 

71,  to  be  two  feet  from  a  to  6,  and 
one  foot  from  c  to  h,  then,  as  we 
have  already  seen  bj-  fig.  69,  a  pow- 
er of  one  pound  at  p,  would  bal- 
ance  a  weight  of  two  pounds  at  w. 
Now  in  the  fall  of  the  power  to 
draw  up  the  weight,  it  is  obvious 
that  its  verticle  decent  must  be  just 
^twice  the  verticle  ascent  of  the 
weight ;  for  the  power  must  fall 
down  the  distance  from  a  to  h,  to  draw  the  weight  that  dis- 
tance ;  but  the  vertical  height  to  which  the  weight  w,  is  raised, 
is  only  from  c  to  h.  Thus  the  power,  being  two  pounds,  must 
fall  two  feetj  to  raise  the  weight,  four  pounds,  one  foot.  Thus, 
the  power  and  weight,  multiplied  by  the  several  velocities, 
are  equal. 

The  Wedge. 
The  next  simple   mechanical  power  is  the  wedge.     This 
instrument  may  be  considered  as  two  inclined  planes,  placed 
base  to  base.     It  is  much  employed  for  the  purpose  of  split- 
ting, or  dividing  solid  bodies,  such  as  wood  and  stone. 

Fig.  72.  Fig.  72  represents  such  a  wedge,  as  is  usually 
employed  in  cleaving  timber.  This  instrument  is 
also  used  in  raising  ships  and  preparing  them  to 
launch,  and  for  a  variety  of  other  purposes. 
Nails,  awls,  needles,  and  many  cutting  instru- 
ments,  act  on  the  principle  of  the  wedge. 

There  is  much  difficulty  in  estimating  the  pow. 
er  of  the  wedge,  since  this  depends  on  the  force, 
or  the  number  of  blows  given  it,  together  with 
the  obliquity  of  its  sides.  A  wedge  of  great  ob- 
liquity  would  require  hard  blows  to  drive  it  for- 
ward, for  the  same  reason  that  a  plane  much  in- 
clined,  requires  much  force  to  roll  a  heavy  body 
up  it.     But  were  the  obliquity  of  the  wedge,  and 


What  is  said  of  the  application  of  the  law  of  vertical  velocities  to 
the  inclined  plane  ?  Explain  fig.  70,  and  shew  why  the  power  must 
fall  twice  as  far  as  the  weight  rises.  On  what  principle  does  the  wedge 
act?  In  what  cases  is  this  power  useful?  W  hat  common  instruments 
act  on  the  principle  of  the  wedge?  What  difficulty  is  there  in  estima- 
ting the  power  of  the  wedge? 
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the  force  of  each  blow  given,  still  it  would  be  difficult  to  as- 
certain  the  exact  power  of  the  wedge  in  ordinary  cases,  for  in 
the  splitting  of  timber,  and  stone,  for  instance,  the  divided 
parts  act  as  levers,  and  thus  greatly  increase  the  power  of  the 
wedge.  Thus,  in  a  log  of  wood,  six  feet  long,  when  split 
one  half  of  its  length,  the  other  half  is  divided  with  ease,  be- 
cause the  two  parts  act  as  levers,  the  lengths  of  which  con^ 
stantly  increase,  as  the  cleft  extends  from  the  wedge. 

The  Screw. 
The  screw  is  the  fifth  and  last  simple  mechanical  power. 
It  may  be  considered  as  a  modification  of  the  inclined  plane,  or 
as  a  winding  wedge.     It  is  an  inclined  plane  running  spirally 


Fig.  73; 


round  a  spindle,  as  will  be  obvious 
by  fig.  73.  Suppose  a  to  be  a  piece 
of  paper  cut  into  the  form  of  an  in- 
clined plane,  and  rolled  round  the 
piece  of  wood  d ;  its  edge  would 
form  the  spiral  line,  called  the 
thread  of  the  screw. 

If  the  finger  be  placed  between 
the  two  threads  of  a  screw,  and  the 
screw  be  turned  round  once,  the 
finger  will  be  raised  upward  equal  to  the  distance  of  the  two 
threads  apart.  In  this  manner  the  finger  is  raised  up  the  in- 
clined  plane,  as  it  runs  round  the  cylindfer. 


Fig.  74. 


The  power  of  the  screw  is  trans- 
mitted  and  employed  by  means  of 
another  screw  called  the  nut,  through 
which  it  passes.  This  has  a  spiral 
groove  running  through  it,  which 
exactly  fits  the  thread  of  the  screw. 

If  the  nut  is  fixed,  the  screw  itself, 
on  turning  it  round,  advances  forward  ; 
but  if  the  screw  is  fixed,  the  nut,  when 
turned,  advances  along  the  screw. 

Fig.  74  represents  the  first  kind  of 
screw,  being  such  as  is  commonly 
used  in  pressing  paper,  and  other  sub- 


On  what  principle  does  the  screw  act  ?  How  is  it  shown  that  the 
screw  is  a  modification  of  the  inclined  plane  ?  Explain  fig.  74.  Which 
is  the  screw,  and  which  the  nut? 
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stances.  The  nut  n,  through  which  the  screw  passes,  an- 
swers also  for  one  of  the  beams  of  the  press.  If  the  screw  be 
turned  to  the  right,  it  will  advance  downwards,  while  the  nut 
stands  still. 

A  screw  of  the  second  kind  is 
represented  by  fig.  75.  In  this, 
the  screw  is  fixed,  while  the  nut  n 
by  being  turned  by  the  lever  Z,  from 
left  to  right,  will  advance  down  the 
screw. 

In  practice  the  screw  is  never 
used  as  a  simple  mechanical  ma- 
chine; the  power  being  always  ap- 
plied by  means  of  a  lever,  passing 
through  the  head  of  the  screw,  as 
in  fig.  74,  or  into  the  nut,  as  in  fig. 
75. 

The  screw,  therefore,  acts  with 
the  combined  power  of  the  inclined  plane  and  the  lever,  and 
its  force  is  such  as  to  be  limited  only  by  the  strength  of  the 
materials  of  which  it  is  made. 

In  investigating  the  effects  of  this  machine,  we  must,  there- 
fore, take  into  account  both  these  simple  mechanical  powers, 
so  that  the  screw  now  becomes  really  a  compound  engine. 

In  the  inclined  plane,  we  have  already  seen,  that  the  less 
it  is  inclined,  the  more  easy  the  ascent  up  it.  In  applying  the 
same  principle  to  the  screw,  it  is  obvious,  that  the  greater  the 
distance  of  the  threads  from  each  other,  the  more  rapid  the 
inclination,  and  consequently,  the  greater  must  be  the  power 
to  turn  it,  under  a  given  weight.  On  the  contrary,  if  the 
thread  inclines  downwards  but  slightly,  it  will  turn  a  with  less 
power,  for  the  same  reason,  that  a  man  can  I'oU  a  heavy  weight 
up  a  plane  but  little  inclined.  Therefore,  the  finer  the  screw, 
or  the  nearer  the  threads  to  each  other,  the  greater  will  be  the 
pressure  under  a  given  power. 

Let  us  suppose  two  screws,  the  one  having  the  threads  one 
inch  apart,  and  the  other  half  an  inch  apart  ;  then  the  force 
which  the  first  screw  will  give  with  the  same  power  at  the 

Which  way  must  the  screw  be  turned,  to  make  it  advance  through 
,  thenul?  How  does  the  screw,  fig.  75,  differ  from  fig.  74?  Is  the 
screw  ever  used  as  a  simple  machine.'  By  what  other  simple  power  is 
it  moved  .'  What  two  simple  mechanical  powers  are  concerned  in  the 
force  of  the  screw  ?  Why  does  the  nearness  of  the  threads  make  a 
difference  in  the  force  of  the  screw .'' 
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lever  will  be  only  half  that  giwn  by  the  second.  The  second 
screw  must  be  turned  twice  as  many  times  round  as  the  first, 
to  go  through  the  same  space,  but  what  is  lost  in  velocity  is 
gained  in  power.  At  the  lever  of  the  first,  two  men  would 
raise  a  given  weight  to  a  given  height  by  making  one  revolu- 
tion ;  while  at  the  lever  of  the  second,  one  man  would  raise 
the  same  weight  to  the  same  height,  by  making  two  revolu- 
tions. 

It  is  apparent  that  the  length  of  the  inclined  plane,  up 
which  a  body  moves  in  one  revolution,  is  the  circumference 
of  the  screw,  and  its  height,  the  interval  between  the  threads. 
The  proportion  of  its  power  would  therefore  be  "  as  the  cir- 
cumference of  the  screw,  to  the  distance  between  the  threads, 
so  is  the  weight  to  the  power." 

By  this  rule,  the  power  of  the  screw  alone  can  be  found  ; 
but  as  this  machine  is  moved  by  means  of  the  lever,  we  must 
estimate  its  force  by  the  combined  power  of  both.  In  this 
case^  the  circumference  described  by  the  end  of  the  lever  em- 
ployed, is  taken,  instead  of  the  circumference  of  the  screw 
itself.  The  means  by  which  the  force  of  the  screw  may  be 
found,  is  therefore  by  multiplying  the  circumference  which  the 
lever  describes  by  the  power.  Thus  "  the  power  multiplied 
by  the  circumference  which  it  describes,  is  equal  to  the  weight 
or  resistance,  multiplied  by  the  distance  between  the  two  contig- 
uous threads."  Hence  the  efficacy  of  the  screw  may  be  in- 
creased, by  increasing  the  length  of  the  lever  by  which  it  is 
turned,  or  by  diminishing  the  distance  between  the  threads. 
If  then,  we  know  the  length  of  the  lever,  the  distance  between 
the  threads,  and  the  weight  to  be  raised,  we  can  readily  cal- 
culate the  power  ;  or,  the  power  being  given,  and  the  distance 
of  the  threads  and  the  length  of  the  lever  known,  we  can  es- 
timate the  weight  the  screw  will  raise. 

Thus,  suppose  the  length  of  the  lever  to  be  forty  inches,  the 
distance  of  the  threads  one  inch,  and  the  weight  8,000  pounds; 
required  the  power,  at  the  end  of  the  lever,  to  raise  the  weight. 

The  lever  being  40  inches,  the  diameter  of  the  circle,  which 

Supprtse  one  screw,  with  its  threads  one  inch  apart,  and  another  haJf 
an  inch  apart,  what  will  be  their  difference  in  force  ?  What  is  the  length 
of  the  inclined  plane  up  which  a  body  moves  by  one  revolution  of  the 
screw  ?  What  would  be  the  height  to  which  the  same  body  would  move 
at  one  revolution  ?  How  is  the  force  of  the  screw  estimated  ?  How 
may  the  efficacy  of  the  screw  be  increased  ?  The  length  of  the  lever, 
the  distance  between  the  threads,  and  the  weight,  being  known,  how 
can  the  power  be  found?     Give  an  example. 
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Fig.  76. 


the  end  describes,  is  80  inches.  The  circumference  is  a  lit- 
tie  more  than  three  times  the  diameter,  but  we  will  call  it 
just  three  times.  Then  80x3=240  inches,  the  circumfer- 
enceof  the  circle.  The  distance  of  the  threads  is  1  inch,  and 
the  weight  8,000  pounds.  To  find  the  power,  multiply  the 
weight  by  the  distance  of  the  threads,  and  divide  by  the  cir- 
cumference of  the  circle.     Thus 

circum.  in.  weight,  power. 

240         X         1         :  :         8000     =        33i 

The  power  at  the  end  of  the   lever  must  therefore  be  33J- 

pounds.     In  practice  this  power  would  require  to  be  increas- 

ed  about  one  third,  on  account  of  friction. 

The  force  of  the  screw  is  sometimes  employed  to  turn  a 
wheel,  by  acting  on  its  teeth.  In  this  case  it  is  called  the 
perpetual  screw. 

Fig.  76  represents  such  a  raa- 
^  cliine.  It  is  apparent,  that  by  turn- 
>ing  the  crank  c,  the  wheel  will  re. 
volve,  for  the  thread  of  the  screw 
passes  between  the  cogs  of  the 
wheel.  By  means  of  an  axle, 
through  the  centre  of  this  wheel, 
like  the  common  wheel  and  axle, 
this  becomes  an  exceedingly  pow- 
erful machine,  but  like  all  other 
contrivances  for  obtaining  great 
power,  its  effective  motion  is  ex- 
ceedingly slow.  It  has  however 
some  disadvantages,  and  particularly  the  great  friction  between 
the  thread  of  the  screw  and  the  teeth  of  the  wheel,  which  pre- 
vents it  from  being  generally  employed  to  raise  weights. 

We  have  now  enumerated  and  described  all  the  mechani- 
cai  powers  usually  denominated  simple.  They  are  five  in 
number,  namely,  the  Lever,  Wheel  and  Axle,  Pulley,  Wedge, 
Inclined  Plane,  and  Screw. 

In  respect  to  the  principle  on  which  they  act,  they  may  be 
resolved  into  three  simple  powers,  namely,  the  lever,  the  in- 
clined  plane,  and  the  pulley  ;  for  it  has  been  shown  that  the 
wheel  and  axle  is  only  another  form  of  the  lever,  and  that  the 
screw  is  but  a  modification  of  the  inclined  plane. 

What  is  the  screw  called  when  it  is  employed  to  turn  a  wheel  ?  What 
IB  the  objection  to  this  machine  for  raising  weights  ?  How  many  sim- 
ple mechanical  powers  are  there  ?  and  what  are  they  called !  How  can 
they  be  resolved  into  three  simple  powers  .' 
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It  is  surprising  indeed,  that  these  simple  powers  can  be  so 
arranged  and  modified  as  to  produce  the  different  actions  in 
all  that  vast  variety  of  intricate  machinery  which  men  have 
invented  and  constructed. 

The  variety  of  motions  we  witness  in  the  little  engine  which 
makes  cards,  by  being  supplied  with  wire  for  the  teeth,  and 
strips  of  leather  to  stick  them  through,  would  itself  seem  to 
involve  more  mechanical  powers  than  those  enumerated. 
This  engine  takes  the  wire  from  a  reel,  bends  it  into  the  form 
of  teeth;  cuts  it  off;  makes  two  holes  in  the  leather  for  the 
tooth  to  pass  through  ;  sticks  it  through  ;  then  gives  it  another 
bend,  on  the  opposite  side  of  the  leather  ;  graduates  the  spa- 
ces between  the  rows  of  teeth,  and  between  one  tooth  and 
another  ;  and  at  the  same  time  carries  the  leather  backwards 
and  forwards,  before  the  point  where  the  teeth  are  introduced, 
with  a  motion  so  exactly  corresponding  with  the  motions  of 
the  parts  which  make  and  stick  the  teeth,  as  not  to  produce 
the  difference  of  a  hair's  breadth  in  the  distance  between 
them. 

All  this  is  done  without  the  aid  of  human  hands,  any  far- 
ther than  to  put  the  leather  in  its  place,  and  turn  a  crank  ;  or 
in  some  instances  many  of  these  machines  are  turned  at  once, 
by  means  of  three  or  four  dogs,  walking  on  an  inclined  plane 
which  revolves. 

Such  a  machine  displays  the  wonderful  ingenuity  and  per- 
severance of  man,  and  at  first  sight  would  seem  to  set  at 
naught  the  idea  that  the  lever  and  wheel  were  the  chief  sim- 
ple powers  concerned  in  its  motions.  But  when  these  mo- 
tions are  examined  singly  and  deliberately,  we  are  soon  con- 
vinced  that  the  wheel,  variously  modified,  is  the  principal  me- 
chanical power  in  the  whole  engine. 

It  has  already  been  stated,  that  notwithstanding  the  vast 
deal  of  time  and  ingenuity  which  men  have  spent  on  the  con- 
struction of  machinery,  and  in  attempting  to  multiply  their 
powers,  there  has,  as  yet,  been  none  produced,  in  which  the 
power  was  not  obtained  at  the  expense  of  velocity,  or  veloci- 
ty at  the  expense  of  power ;  and  therefore  no  actual  force  is 
ever  generated  by  machinery. 

Suppose  a  man  able  to  raise  a  weight  by  means  of  a  com- 
pound pulley  of  ten  ropes,  which  it  would  take  ten  men  to 

What  is  said  of  the  card-making  machine  ?  What  are  tlie  chief  me- 
chanical powers  concerned  in  its  motions  ^  Is  there  any  actual  force 
generated  by  machinery?  Can  great  velocity  and  great  force  be  produ- 
ced by  tlie  same  machinery  ?     Wiiy  not  ? 
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raise  by  one  rope,  without  pulleys.  If  the  weight  is  to  be 
raised  a  yard,  the  ten  men  by  pulling  their  rope  a  yard  will  do 
the  work.  But  the  man  with  the  pulleys  must  draw  his  rope 
ten  yards  to  raise  the  weight  one  yard,  and  in  addition  to  this, 
he  has  to  overcome  the  friction  of  the  ten  pulle)  s,  making 
about  one  third  more  actual  labor  than  was  employed  by  the 
ten  men.  But  notwithstanding  these  inconveniences,  the  use 
of  machinery  is  of  vast  importance  to  the  world. 

On  board  of  a  ship,  a  few  men  will  raise  an  anchor  with  a 
capstan,  which  it  would  take  ten  or  twenty  times  the  same 
number  to  raise  without  it,  and  thus  the  expense  of  shipping 
men  expressly  for  this  purpose  is  saved. 

One  man  with  a  lever,  may  move  a  stone  which  it  would 
take  twenty  men  to  move  without  it,  and  though  it  should  take 
him  twenty  times  as  long,  he  would  still  be  the  gainer,  since 
it  would  be  more  convenient,  and  less  expensive  for  him  to  do 
the  work  himself,  than  to  employ  twenty  others  to  do  it  for 
him. 

When  men  employ  the  natural  elements  as  a  power  to  over- 
come  resistance  by  means  of  machinery,  there  is  a  vast  saving 
of  animal  labor.  Thus  mills,  and  all  kinds  of  engines,  which 
are  kept  in  motion  by  the  power  of  water,  or  wind,  or  steam, 
save  animal  labor  equal  to  the  power  it  takes  to  keep  them  in 
motion. 
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Hydrostatics  is  the  science  which  treats  of  the  weight, 
pressure,  and  equilibrium  of  water,  or  other  fluids,  when  in  a 
state  of  rest. 

Hydraulics  is  that  part  of  the  science  of  fluids  which  treats 
of  water  in  motion,  and  the  means'of  raising  and  conducting 
it  in  pipes  or  otherwise,  for  all  sorts  of  purposes. 

The  subject  of  water  at  rest,  will  first  claim  investigation, 
since  the  laws  which  regulate  its  motion  will  be  best  under- 
stood by  first  comprehending  those  which  regulate  its  pres- 
sure. 

A  Jluid  is  a  substance  whose  particles  are  easily  moved 
among  each  other,  as  air  and  water. 

Which  performs  the  greatest  labor,  ten  men  who  lift  a  weight  with 
their  hands,  or  one  man  who  does  the  same  with  ten  pulleys?  Why  ? 
What  is  hydrostatics  ?  How  does  hydraulics  differ  from  hydrostatics  ? 
What  is  a  fluid? 
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The  air  is  called  an  elastic  fluid,  because  it  is  easily  com- 
pressed into  a  smaller  bulk,  and  returns  again  to  its  original 
state  when  the  pressure  is  removed.  Water  is  called  a  non- 
elastic  fluid,  because  it  admits  of  little  diminution  of  bulk  un- 
der pressure. 

The  non  elastic  fluids,  are  perhaps  more  properly  called  li- 
quids,  but  both  terms  are  employed  to  signify  water  and  other 
bodies  possessing  its  mechanical  properties.  The  term  fluid, 
when  applied  to  the  air,  has  the  word  elastic  before  it. 

One  of  the  most  obvious  propertiesof  fluids,  is  the  facility  with 
which  they  yield  to  the  impressions  of  other  bodies,  and  the 
rapidity  with  whtch  they  recover  their  former  state,  when  the 
pressure  is  removed.  The  cause  of  this,  is  apparently  the 
freedom  with  which  the  particles  of  liquids  slide  over,  or  amonof 
each  other  ;  their  cohesive  attraction  being  so  slight  as  to  be 
overcome  by  that  of  gravity.  On  this  want  of  cohesion  among 
their  particles  seem  to  depend  the  peculiar  mechanical  pro- 
perties of  these  bodies. 

In  solids,  there  is  such  a  connection  between  the  particles, 
that  if  one  part  moves,  the  other  part  must  move  also.  But 
in  fluids,  one  portion  of  the  mass  may  be  in  motion,  while  the 
other  is  at  rest.  In  solids,  the  pressure  is  always  downwards, 
or  towards  the  centre  of  the  earth's  gravity  ;  but  in  fluids  the 
particles  seem  ;o  act  on  each  other  as  wedges,  and  hence 
when  confined,  the  pressure  is  sideways,  and  even  upwards, 
as  well  as  downwards. 

Fig.  77.  Water  has  commonly  been  called  a  non-elastic  sub- 
stance, )ut  it  is  found  that  under  great  pressure  its 
volume  s  diminished,  and  hence  it  is  proved  to  be 
elastic.  The  mot.,  decisive  experiments  on  this  sub- 
ject wer )  made  within  a  few  years  by  Mr.  Perkins. 

The  cKperiments  were  made  by  moans  of  a  hollow 
cylinder ,  fig.  77,  which  was  closed  at  the  botton),  and 
Amade  water  tight  at  the  top,  by  a  cap,  screwed  on. 
Throug  1  this  cap  at  a,  passed  the  rod  b,  which  was 
five  sixl  tenths  of  an  inch  in  diameter.  The  rod  was 
so  nicel  '  fitted  to  the  cap,  as  also  to  be  water  tight. 
Around  the  rod  at  c,  there  was  placed  a  flexible  ring, 
which  could  be  easily  pushed  up  or  down,  but  fitted 
so  closely  as  to  remain  on  any  part  where  it  was  pla- 
ced. 


What  is  an  elastic  fluid  ?  Why  is  air  called  an  elastic  fluid  ?  What 
substances  are  failed  liquids  i"  What  is  one  of  the  most  obvious  prop- 
erties of  liquids  ?  On  what  do  the  peculiar  mechanical  properties  of 
lluids  depend  ?  9 
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A  cannon  of  sufficient  size  to  receive  this  cjiinder,  which 
"was  three  inches  in  diameter,  was  furnished  with  a  strong 
cap  and  forcing  pump,  and  set  vertically  into  the  ground.  The 
cannon  and  cyHnder  Were  next  filled  with  water,  and  the  cy- 
linder,  with  its  rod  drawn  out,  and  the  ring  placed  down  to 
the  cap,  as  in  the  figure,  was  plunged  into  the  cannon.  The 
water  in  the  cannon  was  then  subjected  to  an  immense  pres- 
sure  by  means  ofthe  forcing  pump,  after  which,  on  examina- 
tion of  the  apparatus,  it  was  feund  that  the  ring  c,  instead  of 
being  where  it  was  placed,  was  eight  inches  up  the  rod.  The 
water  in  the  cylinder  being  compressed  into  a  smaller  space, 
by  the  pressure  of  that  in  the  cannon,  the  rod  was  driven  in, 
while  under  pressure,  but  was  forced  out  again  by  the  expan- 
sion ofthe  water,  when  the  pressure  was  removed.  Thus  the 
ring  on  the  rod  would  indicate  the  distance  to  which  it  had 
been  forced  in,  during  the  greatest  pressure. 

This  experiment  proved  that  v^ater  under  the  pressure  of 
one  thousand  atmospheres,  that  is  the  weight  of  15000  pounds 
to  the  square  inch,  was  reduced  in  bulk  about  one  part  in 
24. 

So  slight  a  degree  of  elasticity  under  such  immense  pres- 
sure, is  not  appreciable  under  ordinary  circumstances,  and 
therefore  in  practice,  or  in  common  experiments  on  this  fluid, 
water  is  considered  as  non-elastic. 

Equal  pressure  of  Water. 

The  particles  of  water,  and  otlier  fluids,  when  confined, 
press  on  the  vessel  which  confines  them,  in  all  directions,  both 
upwards,  downwards,  and  sideways. 

From  this  property  of  fluids,  together  with  their  weight,  or 
gravity,  very  unexpected  and  surprising  effects  are  produced. 

The  effect  of  this  property,  which  we  shall  first  examine  is, 
that  a  quantity  of  water,  however  small,  will  balance  another 
quantity  however  large.  Such  a  proposition  at  first  thought 
might  seem  very  improbable.  But  on  examination,  \\q  shall 
find  that  an  experiment  with  a  very  simple  apparatus  will  con- 
vince any  one  of  its  truth.  Indeed,  we  every  day  see  this 
principle  established  by  actual  experiment,  as  will  be  seen  di- 
rectly, 

Irs  what  respect  does  the  pressure  of  a  fluid  differ  from  that  of  a  sol- 
id '  Is  water  an  elastic,  or  a  non-elastic  fluid?  Desciibo  fig.  77,  and 
shew  how  water  was  found  to  be  clastic.  In  what  propoition  does  the 
bulk  of  water  diminish  under  a  pressure  of  15000  pounds  to  the  square 
inch  ?  In  common  experiments,  is  water  considered  elastic,  or  non- 
elastic  ?     \V  hen  water  is  confined,  in  what  direction  does  it  prc<s»  ? 
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Fig.  78. 


Fig.  78  represents  a  common  coffee-pot, 
supposed  to  be  filled  up  to  the  dotted  line  a, 
with  a  decoction  of  cofl'ee,  or  any  other  li- 
quid. The  coffee,  we  know,  stands  exact- 
ly at  the  same  height  both  in  the  body  of  the 
pot,  and  in  its  spout.  Therefore  the  small 
quantity  in  the  spout  balances  the  large 
quantity  in  the  pot,  or  presses  with  the  same 
force  downwards,  as  that  in  the  body  of  the  pot  press- 
es upwards.  This  is  obviously  true,  otherwise,  the  large 
quantity  would  sink  below  the  dotted  line,  while  that  in  the 
spout  would  rise  above  it,  and  run  over. 

Fig.  79.  rpj^p  same  principle  is  more  strikingly 

illustrated  by  %.  79. 

Suppose  the  cistern  a  to  be  capable 
of  holding  one  hundred  gallons,  and  into 
its  bottom  there  be  fitted  the  tube  h,  bent  as 
seen  in  the  figure,  and  capable  of  contain- 
ing one  gallon.  The  tops  of  the  cistern 
and  tube  being  open,  pour  water  into  the 
tube  at  c,  and  it  will  rise  up  through  the 
perpendicular  bend  into  the  cistern,  and  if 
the  process  be  continued,  the  cistern  will 
be  filled  by  pouring  water  into  the  tube.  Now  it  is  plain  that 
the  gallon  of  water  in  the  tube,  presses  against  the  hundred 
gallons  in  the  cistern  with  a  force  equal  to  the  pressure  of  the 
hundred  gallons,  otherwise  that  in  the  tube  would  be  forced 
upwards  higher  than  that  in  the  cistern,  whereas  we  find  that 
the  surfaces  of  both  stand  exactly  at  the  same  height. 

From  these  experiments  we  learn,  ^' that  the  pressure  of  A 
fluid  is  not  in  proportion  to  its  quantity,  but  to  its  height,  and 
that  a  large  quantity  of  water  in  an  open  vessel,  presses  dovm^ 
wards  no  more  than  a  small  quantity  of  the  same  height  ^ 

In  this  respect,  the  size  or  shape  of  a  vessel  is  of  no  con- 
sequence, for  if  a  number  of  vessels  differing  entirely  from 
each  other  in  figure,  position,  and  capacity,  have  a  communica- 
tiou  made  between  them,  and  one  be  filled  with  water,  the  sur- 

How  does  the  experiment  with  the  coiTee  pot  shew  that  a  small  quan- 
tity of  liquid  will  balance  a  large  one  ?  Explain  fig.  79,  and  shew  how 
the  pressure  in  the  tube  is  equal  to  the  pressure  in  the  cistern.  What 
conclusion,  or  general  truth,  is  to  be  drawn  from  these  experiments  •■ 
What  difference  does  the  shape  or  size  of  a  vessel  malie  in  respect  to 
the  pressure  of  a  fluid  on  its  bottom  i* 
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face  ofthe  fluid  in  all  will  be  at  exactly  the  same  elevation. 
If  therefore,  the  water  stands  at  an  equal  height  in  all,  the 
pressure  in  one  must  be  just  equal  to  that  in  another,  and  so 
equal  to  that  in  all  the  others. 

Fig.  80. 


To  make  this  obvious,  suppose  a  numb'ir  of  vessels,  of 
different  shapes  and  sizes,  as  represented  by  fig.  80,  to  have 
a  communication  between  ihem  by  means  of  a  small  tube  pass- 
ing from  one  to  the  other.  If  now,  one  of  these  vessels  be 
filled  with  water,  or  if  water  be  poured  into  the  tube  a,  all  the 
other  vessels  will  be  filled  at  the  same  instant  up  to  the  line 
b,  c.  Therefore  the  pressure  ofthe  water  in  a,  balances  that 
in  1,2,  3,  &c.,  while  the  pressure  in  each  of  these  vessels  is 
equal  to  that  in  the  other,  and  so  an  equilibrium  is  produced 
throughout  the  whole  series. 

If  an  ounce  of  water  be  poured  into  the  tube  a,  it  will 
produce  a  pressure  on  the  contents  of  all  the  other  vessels, 
equal  to  the  pressure  of  all  the  others  on  the  tube  ;  for,  it 
will  force  the  water  into  all  the  other  vessels  to  rise  upwards 
to  an  equal  height  with  that  in  the  tube  itself  Hence  we 
must  calculate,  that  the  pressure  in  each  vessel  is  not  only 
equal  to  that  in  any  of  the  others,  but  also  tha  the  pressure  in 
any  one,  is  equal  to  that  in  all  the  others. 

From  this  we  learn,  that  the  shape  or  size  of  a  vessel  has 
no  influence  on  the  pressure  of  its  liquid  cont€  its,  but  that  the 
pressure  of  water  is  as  its  height,  whether  the  quantity  be 
great  or  small.  We  learn  also,  that  in  no  caso  will  a  quantity 
of  liquid,  however  large,  force  another  quantity  however  small, 
above  the  level  of  its  own  surface. 

Explain  fig.  80,  and  slitw  how  the  equilibrium  is  produced.  Sup- 
pose an  ounce  of  water  be  poured  into  the  tube  a,  v  hat  will  be  its  ef- 
fect on  the  contents  of  the  otl  ar  vessels  ?  What  conclusion  is  to  be 
drawn  from  pouring  the  ounce  of  water  into  the  tube  a  i 
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This  is  proved  by  experiment ;  for  if,  from  a  pond  situated 
on  a  mountain,  water  be  conveyed  in  an  inch  tube  to  the  valley 
an  hundred  feet  below,  the  water  will  rise  just  a  hundred  feet 
in  the  tube  ;  that  is,  exactly  to  the  level  of  the  surface  of  the 
pond.  Thus  the  water  in  the  pond,  and  that  in  the  tube  press 
equally  against  each  other,  and  produce  an  exact  equilibrium. 
Thus  far  we  have  considered  the  fluid  as  acting  only  in  vessels 
with  open  mouths,  and  therefore  at  liberty  to  seek  its  balance, 
or  equilibrium  by  its  own  gravity.  Its  pressure,  we  have  seen, 
is  in  proportion  to  its  height,  and  not  its  bulk. 

Now  by  other  experiments  it  is  ascertained  iliat  the  pres- 
sure of  a  liquid  is  in  proportion  to  its  height,  and  its  area  at  the 
hase. 

Fig.  81,  Suppose  a  vessel  ten  feet  high,  and 

two  feet  in  diameter,  such  as  is  repre- 
sented at  a,  fig.  81,  to  be  filled  with 
water ;  there  ivould  be  a  certain  amount 
of  pressure,  say  at  c,  near  the  bottom. 
Let  d  represent  another  vessel,  of  the 
same  diameter  at  the  bottom,  but  only 
a  foot  high,  and  closed  at  the  top. 
Now  if  a  small  tube,  say  the  fourth  of 
an  inch  in  diameter,  be  inserted  into 
the  cover  of  the  vessel  d,  and  this  tube 
be  carried  to  the  height  of  the  vessel 
a,  and  then  the  vessel  and  tube  be  fill- 
rcit>  r  ed  with  wa^er,  the  pressure  on  the  bot- 

l 1       I r      toms  and  sides  of  both  vessels  will  be 

equal,  indjets  of  water  starting  from  d,  and  c,  will  have  ex- 
actly the  same  force. 

This  might  at  first  seem  improbable,  but  to  convince  our- 
selves  of  its  truth,  we  have  only  to  consider  that  any  impres- 
sion made  on  one  portion  of  the  confined  fluid  in  the  vessel 
d,  is  instantly  communicated  to  the  whole  mass.  Therefore 
the  water  in  the  tube  b  presses  with  the  same  force  on  every 
other  portion  of  the  water  in  d,  as  it  does  on  that  small  portion 
ovfer  which  it  stands. 

This  principle  is  illustrated  in  a  very  striking  manner  by 

What  is  the  reason  that  a  large  quantity  of  water  will  not  force  a 
small  quantity  above  its  own  level  ?  Is  the  force  of  water  in  proportion 
to  its  lieight,  <>r  its  quantity  ?  How  is  a  small  quantity  of  water  shown 
to  press  equal  to  a  large  quantity  by  fig.  01  ?  Explain  the  reason  why 
the  preFSure  is  ns  great  at  d,  as  at  c. 
9* 
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the  experiment,  which  has  often  been  made,  of  bursting  the 
strongest  wine  cask  with  a  few  ounces  of  wat  ir. 

Fig.  82.  Suppose  a,  fig.  82,  to  be  a  strong  cask  already 

filled  with  water,  and  suppose  the  tube  b  thirty 
feet  high,  to  be  screwed,  water  tight,  into  its 
head.  When  water  is  poured  into  the  tube,  so 
as  to  fill  it  gradually,  the  cask  will  show  increas- 
ing  signs  of  pressure,  by  emitting  the  water 
through  the  pores  of  the  wood,  and  between  the 
joints  :  and  finally  as  the  tube  is  filled,  the  cask 
will  burst  asunder. 

The  same  apparatus  will  serve  to  illustrate  the 
upward  pressure  of  water  ;  for  if  a  small  stop- 
cock be  fitted  to  the  upper  head,  on  turning  this, 
when  the  tube  is  filled,  a  jet  of  water  will  spout 
up  with  a  force,  and  to  a  height  that  will  aston- 
\(i  ish  all  who  never  before  saw  such  an  experi- 
ment. 

In  theory,  the  water  will  spout  to  the  same 
height  with  that  which  gives  the  pressure,  but  in  practice,  it 
is  found  to  fall  short,  in  the  following  proportions : 

If  the  tube  be  twenty  feet  high,  and  the  orifice  for  the  jet 
half  an  inch  in  diameter,  the  water  will  spout  nearly  nineteen 
feet.  If  the  tube  be  fifty  feet  high,  the  jet  will  rise  upwards 
of  forty  feet ;  and  if  an  hundred  feet,  it  will  rise  above  eighty 
feet.  It  is  understood  in  every  case,  that  the  tubes  are  to  be 
kept  full  of  water. 

The  height  of  these  jets  shew  the  astonishing  eflfects  that  a 
small  quantity  of  fluid  produces  when  pressing  from  a  perpen- 
dicular  elevation. 

An  instrument  called  the  hydrostatic  bellows,  also  shows, 
in  a  striking  manner,  the  great  force  of  a  small  quantity  of 
water,  pressing  in  a  perpendicular  direction. 

This  instrument  consists  of  two  boards,  connected  together 
with  strong  leather,  in  the  manner  of  the  common  bellows. 
It  is  then  furnished  with  a  tube  a,  fig.  83,  which  communi- 
cates  between  the  two  boards.  A  person  standing  on  the 
upper  board,  may  raise  himself  up  by  pouring  water  into  the 
tube.     If  the  tube  holds  an  ounce  of  water,  and  has  an  area 


How  is  the  same  principle  illustrated  by  fig  82  ?  How  is  the  upward 
pressure  of  water  illustrated  by  the  same  apparatus  ?  Under  the  pres- 
sure of  a  column  of  water  twenty  feet  high,  what  will  be  the  height  of 
the  jet?     Under  a  pressure  of  a  hundred  feet,  how  high  irill  it  rise  ? 
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Fig.  83. 


a 


Fig.  84. 


equal  to  a  thousandth  part  of  the  area 
of  the  top  of  the  beliows,  one  ounce  of 
water  in  the  tube  will  balance  a  thousand 
ounces  placed  on  the  bellows. 

This  property  of  water  was  applied 
by  Mr.  Bramah  to  the  construction  of 
his  hydraulic  press.  But  instead  of  a 
high  tube  of  water,  which  in  most  cases 
could  not  be  readily  obtained,  he 
substituted  a  strong  forcing  pump,  and 
instead  of  the  leather  bellows,  a  metallic 
pump  barrel,  and  piston. 


This  arrangement  will  be  un- 

^  derstood  by  fig.  84,  where  the 

'p  pump  barrel,  a,  b,  is  represented 

■^=^^^^'       as  divided  lengthwise,  in  order 

to  shew  the  inside.     The  piston 

c,  is  fitted  so  accurately  to  the 

barrel,  as  to  work  up  and  down 

water  tight  ;   both  barrel  and 

piston  being  made  of  iron.  The 

thing  to  be  broken,  or  pressed, 

is  laid  on  the  flat  surface  i,  there 


being  above  this,  a  strong  frame  to  meet  the  pressure,  not 
shown  in  the  figure.  The  small  forcing  pump,  of  which  <i  is 
the  piston,  and  h  the  lever  by  which  it  is  worked,  is  also  made 
of  iron. 

Now  suppose  the  space  between  the  small  piston  and  the 
large  one,  at  w,  to  be  filled  with  water,  then,  on  forcing  down 
the  small  piston,  d,  there  will  be  a  pressure  against  the  large 
piston,  c,  the  whole/orce  of  which  will  be  in  proportion  as  the 
aperture  in  which  c  works,  is  greater  than  that  in  which  d 
works.  If  the  piston  d  is  half  an  inch  in  diameter,  and  the 
piston  c,  one  foot  in  diameter,  then  the  pressure  on  c  will  be 
576  times  greater  than  that  on  d.  Therefore,  if  we  suppose 
the  pressure  of  the  small  piston  to  be  one  ton,  the  large  piston 

What  is  the  hydrostatic  bellows  ?  What  property  of  water  is  this  in- 
strument designed  to  show  ?  Explain  fig.  84.  Where  is  the  piston  ? 
Which  is  the  pump  barrel,  in  which  it  works  ?  In  the  hydrostatic  press, 
what  is  the  proportion  between  the  pressure  given  by  the  small  piston, 
and  the  force  exerted  on  the  large  one  ? 
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will  be  forced  up  against  any  resistance  with  a  pressure  equal 
to  the  weight  of  576  tons.  It  would  be  easy  for  ;  single  man 
to  give  the  pressure  of  a  ton  at  d,  by  means  of  th  j  lever,  and 
therefore  a  man,  with  this  engine^  would  be  able  to  exert  a  force 
equal  to  the  weight  of  near  600  tons. 

It  is  evident,  that  the  force  to  be  obtained  by  this  principle, 
can  only  be  limited  by  the  strength  of  the  materials  of  which 
the  engine  is  made.  Thus,  if  a  pressure  of  two  tons  be  given 
to  a  piston,  the  diameter  of  which  is  only  a  quarter  of  an  inch, 
the  force  transmitted  to  the  other  piston,  if  three  feet  in  diam- 
eter, would  be  upwards  of  40,000  tons  ;  but  such  a  force  is 
much  too  great  for  the  strength  of  any  material  with  which  we 
are  acquainted. 

A  small  quantity  of  water,  extending  to  a  great  elevation, 
would  give  the  pressure  above  described,  it  being  onl}'^  for  the 
sake  of  convenience,  that  the  forcing  pump  is  employed,  in- 
stead  of  a  column  of  water. 

There  is  no  doubt,  but  in  the  operations  of  nature,  great 
effects  are  sometimes  produced  among  mountains,  by  a  small 
quantity  of  water  finding  its  way  to  a  reservoir  in  the  crevices 
of  the  rocks  far  beneath. 

^'^•-85.  Suppose   in 

the  interior  of 
a  mountain, fig. 
85,there  should 
be  a  space  of 
ten  yards 

square,  and  an 
inch  deep,filled 
with  water,  and 
closed  up  on  all 
sides ;  and  sup- 
pose that  in  the 

Course  of  time,  a  small  fissuroj  no  more  than  an  inch  in  diam- 
eter,  should  be  opened  by  the  water,  from  the  height  of  two 
hundred  feet  above,  down  to  this  little  reservoir.  The  con- 
sequence might  be,  that  the  side  of  the  mountain  would  burst 
asunder,  for  the  pressure,  under  the  circumstances  supposed, 
would  be  er  ual  to  the  weight  of  five  thousa:  J  tons. 


What  is  the  estimated  force  which  a  man  could  give  by  one  of  these 
engines  ?  If  the  pressure  of  two  tons  be  made  on  a  piston  of  a  quarter 
of  an  inch  in  diameter,  what  will  be  the  force  transmitted  to  the  other 
piston  of  three  feet  in  diameter  ?  What  is  said  of  the  pressure  of  wa- 
ter in  the  crevices  of  mountains,  and  the  consequences  ? 
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Water  Level. 
We  have  seen,  that  in  whatever  situation  water  is  placed, 
it  always  tends  to  seek  a  level.  Thus,  if  several  vessels  com- 
municating  with  each  other  be  filled  with  water,  the  fluid  will 
be  at  the  same  height  in  all,  and  the  level  will  be  indicated  by 
a  straight  line  drawn  through  all  the  vessels,  as  in  fig.  80. 

It  is  on  the  principle  of  this  tendency,  that  the  little  instru- 
ment  called  the  water  level  is  constructed. 

Fig.  86.  The  form  of  this  instru- 

ment is  represented  by  fig. 
86.  It  consists  of  a  6,  a 
tube,  with  its  two  ends 
turned  at  right  angles,  and 
left  open.  Into  one  of  the 
ends  is  poured  Vv^ater  or  mercury,  until  the  fluid  rises  a  little 
above  the  bends  of  the  tube.  On  the  surface  of  the  fluid,  at 
each  end,  are  then  placed  small  floats,  carrying  upright  frames, 
across  which  are  drawn  small  wires  or  hairs,  as  seen  at  c  and 
d.  These  hairs  are  called  the  sights,  and  are  across  the  line 
of  the  tube. 

It  is  obvious  that  this  instrument  will  always  indicate  a  le- 
vel, when  the  floats  are  at  the  same  height,  in  respect  to  each 
other,  and  not  in  respect  to  their  comparative  heights  in  the 
ends  of  the  tube,  for  if  one  end  of  the  instrument  be  held 
lower  than  the  other,  still  the  floats  must  always  be  at  the 
same  height.  To  use  this  level,  therefore,  we  have  only  to 
bring  the  two  sights,  so  that  one  will  range  with  the  other ; 
and  on  placing  the  eye  at  c,  and  looking  towards  d,  this  is 
determined  in  a  moment. 

The  level  is  indispensable  in  the  construction  of  canals  and 
aqueducts,  since  the  engineer  depends  entirely  on  it,  to  ascer- 
tain whether  the  water  can  be  carried  over  a  given  hill  or 
mountain. 

Fig.  87.  The  common  spirit  level  corisists  of 

^  a  glass  tube,  fig.  87,  filled  with  spirit  of 

jl    ^^>  *g-a»-:j^    11     wine,  excepting  a  small  space  in  which 

" — "     there   is  left   a   bubble   of  air.     This 

bubble,  when  the  instrument  is  laid  on 

On  what  principle  is  the  water-level  constructed?  Describe  the 
manner  in  which  the  level  with  sights  is  used,  and  the  reason  why  the 
floats  will  always  be  at  the  same  height.  What  is  the  use  of  the  level? 
Describe  the  common  spirit  level,  and  the  method  of  using  it. 
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a  level  surface,  will  be  exactly  in  the  middle  of  the  tube,  and 
therefore  to  adjust  a  level,  it  is  only  necessary  to  bring  the 
bubble  to  this  position. 

The  glass  tube  is  enclosed  in  a  brass  case,  which  is  cut  out 
on  the  upper  side,  so  that  the  bubble  may  be  seen,  as  repre- 
sented in  the  figure. 

This  instrument  is  employed  by  builders,  to  level  their 
work,  and  is  highly  convenient  foi;  that  purpose,  since  it  is 
only  necessary  to  lay  it  on  a  beam  to  try  its  level. 

Specific  Gravity. 
If  a:  tumbler  be  filled  with  water  to  th^  brim,  and  an  egg,  or 
any  other  heavy  solid,  be  dropped  into  it,  a  quantity  of  the 
fluid,  exactly  equal  to  the  size  of  the  egg,  or  othjer  solid,  will 
be  displaced,  and  will  flow  over  the  side  of  the  vessel.  Bodies 
which  sink  in  water,  therefore,  displace  a  quantity  of  the  fluid 
equal  to  their  own  bulk. 

Now  it  is  found,  by  experiment,  tha,f;  when  any  substance 
sinks  in  water,  it  loses,  while  m  the  fluid,  a  portion  of  its 
weight,  just  equal  to  the  weight  of  the  bulk  of  water  which  it 
displaces.     This  is  readily  made  evident  by  experiment. 

Take  a  piece  of  ivory,  or 
a.ny  other  substance  that  will 
sink  in  water,  and  weigh  it 
?iccurately  in  the  usual  man- 
ner ;  then  suspend  it  by  a 
thread,  or  hair,  in  the  empty 
cup  a,  fig.  88,  and  then  bal- 
ance it,  as  shown  in  the  fig- 
ure. Now  pour  water  into 
the  cup,  and  it  will  be  found 
that  the  sqspem  ed  bpdy  will 
lose  a  part  of  is  weight,  so 
that  a  certain  number  of  grains  must  be  taken  fr-,  m  the  oppo- 
site scale,  in  order  to  make  the  scales  balance  ;  s  before  the 
water  was  poured  in.  The  number  of  grains  ta;  sn  from  the 
opposite  scale,  show  the  weight  of  a  quantity  of  water  equal 
to  the  bulk  of  the  body  so  suspended. 

When  a  solid  is  weighed  in  water,  why  does  it  lose  a  part  of  its 
weight  ?  How  much  less  will  &  cubic  inch  of  any  subsl  nee  weigh  in 
water  than  in  air?  How  is  it  proved  by  fig.  88,  that  a  be  !y  weighs  less 
in  water  than  in  air  ?  What  is  the  specific  gravity  of  a  body .''  How 
aie  the  specific  gravitie«!  of  sohd  bodies  taken .'' 
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It  is  on  the  principle,  that  bodies  weigh  less  in  the  water, 
'than  they  do  when  weighed  out  of  it,  or  in  the  air,  that  water 
■becomes  the  means  of  ascertaining  their  specific  gravities,  for 
it  is  by  comparing  the  weight  of  a  body  in  the  water,  with  what 
it  weighs  out  of  it,  that  its  specific  gravity  is  determined. 

Thus  suppose  a  cubic  inch  of  gold  weighs  19  ounces,  and 
on  being  weighed  in  water,  weighs  only  18  ounces,  or  loses  a 
nineteenth  part  of  its  weight,  it  will  prove  that  gold,  bulk  for 
bulk  is  nineteen  times  heavier  than  water,  and  thus  19  would 
be  the  specific  gravity  of  gold.  And  so  if  a  cube  of  copper 
weigh  9  ounces  in  the  air,  and  only  8  ounces  in  the  water, 
then  copper,  bulk  for  bulk,  is  9  times  as  heavy  as  water,  and 
therefore  has  a  specific  gravity  of  9. 

If  the  body  weigh  less,  bulk  for  bulk  than  water,  it  is  obvi- 
ous it  will  not  sink  in  it,  and  therefore  weights  must  be  added 
to  the  lighter  body,  to  ascertain  how  much  less  it  weighs  than 
water. 

The  specific  gravity  of  a  body,  then,  is  merely  its  weight, 
compared  with  the  same  bulk  of  w^ter  ;  and  water  is  thus 
made  the  standard  by  which  the  weights  of  all  other  bodies 
are  compared. 

To  take  the  specific  gravity  of  a  solid  which  sinks  in  water, 
first  weigh  the  body  in  the  usual  manner,  and  note  down  the 
number  of  grains  it  weighs.  Then  with  a  hair,  or  fine  thread, 
suspend  it  from  the  bottom  of  the  scale-dish,  in  a  vessel  of 
water,  as  represented  by  fig.  88.  As  if  weighs  less  in  water, 
weights  must  be  added  to  the  side  of  the  scale  where  the  body 
is  suspended,  until  they  exactly  balance  each  other.  Next 
note  down  tho  number  of  grains  so  added,  and  they  will  show 
the  difference  between  the  weight  of  the  body  in  air,  and  in 
water. 

It  is  obvious,  that  the  greater  the  specific  gravity  of  the  body, 
the  less,  com;)aratively,  will  be  this  ditierence,  because  each 
body  displaces  only  its  own  bulk  of  water,  and  some  bodies  o{ 
the  same  bulk,  will  weigh  many  times  as  much  as  others. 

For  example,  we  will  suppose  that  a  piece  of  platina,  weigh- 
ing 22  ounces,  will  displace  an  ounce  of  water,  while  a  piece 
of  silver,  we  ghing  22  ounces,  will  displace  two  ounces  of 
water.  The  platina,  therefore,  when  suspended  as  above  de- 
scribed, will  require  one  ounce  to  make  the  scales  balance, 

Wliy  does  a  heavy  body  weigh  comparatively  less  in  the  water  than 
a  li?ht  one  f 
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while  the  same  weight  of  silver  will  require  two  ounces  for 
the  same  purpose.  The  platina,  therefore,  bulk  for  bulk,  will 
weigh  twice  as  much  ds  the  silver,  and  will  have  twice  as 
much  specific  gravity. 

Having  noted  doy/n  the  difference  between  the  weight  of 
the  body  in  air  and  in  water,  as  above  explained,  the  specific 
gravity  is  found  by  dividing  the  weight  in  air,  by  the  loss  in 
water.  The  greater  the  loss,  therefore,  the  less  will  be  the 
specific  gravity,  the  bulk  being  the  sanje. 

Thus,  in  the  above  example,  22  ounces  of  platina  was  sup. 
posed  to  lose  one  ounce  in  water,  while  22  ounces  of  silver 
lost  two  ounces  in  water.  Now  22,  divided  by  1,  the  loss  of 
the  platina,  is  22  ;  and  22  divided  by  2,  the  loss  in  the  silver, 
is  11.  So  that  the  specific  gravity  of  platina  is  22,  while  that 
of  silver  is  11.  The  specific  gravities  of  these  metals,  are, 
however,  a  little  less  than  here  estimated. 

For  other  methods  of  taking  specific  gravity,  sec  Chemistry. 

Hydrometer. 

The  hydrometer  is  an  instrument,  by  which  the  specific 
gravities  of  fluids  are  ascertained,  by  the  depth  to  which  it 
sinks  below  their  surfaces. 

Suppose  a  cubic  inch  of  lead  loses,  when  weighed  in  water, 
258  grains,  and  when  weighed  in  alcohol,  only  209  grains, 
then  according  to  the  principle  already  recited,  a  cubic  inch 
of  water  actually  weighs  253,  and  a  cubic  inch  of  alcohol 
20G  grains,  for  when  a  body  is  weighed  in  a  fluid,  it  loses  just 
the  weight  of  the  fluid  it  displaces. 

Water,  as  we  have  already  seen,  is  the  standard  by  which 
the  weights  of  other  bodies  are  compared,  and  by  ascertaining 
what  a  given  bulk  of  any  substance  weighs  in  water,  and  then 
what  it  weighs  in  any  other  fluid,  the  comparative  weight  of 
water  and  this  fluid  will  be  known.  For  if,  as  in  the  above 
example,  a  certani  bulk  of  water  v/eighs  253  grains,  and  the 
same  bulk  of  alcohol  only  208  grains,  then  alcohol  has  a  spe- 
cific gravity,  nearly  one  fourth  less  than  water. 

It  is  on  this  principle  that  the  hydrometer  is  constructed. 

Having  taken  the  difference  between  tlie  weight  of  a  body  in  air  and 
in  water,  by  what  rule  is  its  specific  gravity  found  ?  Give  the  example 
stated,  and  show  how  the  difference  between  the  specific  gravities  of 
platina  and  silver  is  ascertained.  What  is  the  hydrometer?  Suppose 
a  cubic  inch  of  any  substance  weighs  253  grains  less  in  water  than  in 
air,  what  is  the  actual  weight  of  a  cubic  inch  of  water  ?  On  what 
principle  is  the  hydrometer  founded  i* 
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It  is  composed  of  a  hollow  ball  of  glass,  or  metal,  with  a  gra- 
duated scale  rising  from  its  upper  part,  and  a  weight  on  its 
under  part,  which  serves  to  balance  it  in  the  fluid. 

Fig.  89.  Such  an  instrument  is  represented  by  fig 

89,  of  which  h  is  the  graduated  scale,  and  a 
the  weight,  the  hollow  ball  being  between 
them. 

To  prepare  this  instrument  for  use,  weights, 
in  grains,  .)r  half  grains,  are  put  into  the  little 
ball  a,  until  the  scale  is  carried  down,  so  that 
a  certain  mark  on  it  coincides  exactly  with  the 
surface  of  the  water.  This  mark  then  becomes 
the  standard  of  comparison  between  water  and 
any  other  liquid,  in  which  the  hydrometer  is 
placed.  If  plunged  into  a  fluid  lighter  than 
water,    it  will  sink,    and    consequently,    the 

fluid  will  rise   higher  on  the    scale.     If  the 

fluid  Tslieavier  than  water,  the  scale  will  rise  above  the  sur- 
face, in  proportion,  and  thus  it  is  ascertained,  in  a  moment, 
whether  any  fluid  has  a  greater  or  less  specific  gravity  than 
water. 

To  know  precisely  how  much  the  fluid  varies  from  the 
standard,  the  scale  is  markx5d  oflfinto  degrees,  which  indicate 
grains  by  weight,  so  that  it  is  ascertained,  very  exactly,  how 
much  the  specific  gravity  of  one  fluid  differs  from  that  of 
another. 

Water  being  the  standard  by  which  the  weights  of  other 
substances  are  compared,  it  is  placed  as  the  unit,  or  point  of 
comparison,  and  is  therefore  1,  10,  100,  or  1000,  the  ciphers 
being  added  whenever  there  are  fractional  part£  expressing 
the  specific  gravity  of  the  body.  It  is  always  understood, 
therefore,  that  the  specific  gravity  of  water  is  1,  and  when  it 
is  said  a  body  has  a  specific  gravity  of  2,  it  is  only  meant,  that 
such  a  body  is,  bulk  for  bulk,  twice  as  heavy  as  water.  If  the 
substance  is  lighter  than  water,  it  has  a  specific  gravity  ot  0, 
with  a  fractional  part.  Thus  alcohol  has  a  specific  gravity  of 
0,809,  thatis  809,  water  being  1000. 

How  is  this  instrument  formed  ?  How  is  the  hydrometer  prepared 
for  use  ?  How  is  it  known,  by  this  instrument,  whether  the  fluid  is 
lighter,  .or  heavier  than  water  ?  What  is  the  standard  by  which  the 
weights  of  other  bodies  are  compared  ?  "What  is  the  specific  gravity 
of  water  ?  When  it  is  said,  that  the  specific  gravity  of  a  body  is  2,  or 
4,  what  meaning  is  intended  to  be  conveyed .' 
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By  means  of  this  instrument,  it  can  be  told  with  great  accu- 
racy, how  much  water  has  been  added  to  spirits,  for  the 
greater  the  quantity  of  water,  the  higher  will  the  scale  rise 
above  the  surface. 

The  adulteration  of  milk,  v/ith  water,  can  also  be  readily 
detected  with  it,  for  asnew  milk  has  a  specific  gravity  of  1032, 
water  being  1000,  a  very  small  quantity  of  water  mixed  with 
it,  would  be  indicated  by  the  instrument.  (See  specific  grav- 
ity in  Chemistry.) 

The  Syphon. 
Take  a  tube,  bent  like  the  letter  U,  and  having  filled  it  with 
water,  place  a  finger  on  each  end,  and  in  this  state  plunge 
one  of  the  ends  into  a  vessel  of  water,  so  that  the  end  in  the 
water  shall  be  a  little  the  highest,  then  remove  the  fingers, 
and  the  liquid  will  flow  out,  and  continue  to  do  so,  until  the 
vessel  is  exhausted. 

A  tube  acting  in  this  manner,  is  called  a  syphon,  and  is 
Fig.  90.  represented  by  fig.  90.    The  reason 

z  why  the  water  flows  from  the  end  of 

/^S\  the  tube  a,  and    consequently  as- 

I      \\  cends  through  the  other  part,  is,  that 

//         \^^=^^  there  is  a  greater  weight  of  the  fluid 
//  W^"'-'-~''l    ^^om  h  to  a,  than  from  c  to   b,  he- 

ll I    \\       //     cause  the  perpendicular  height  from 

//  I       \\    //    ^^^  ^^^  the  greatest.     The  weight 

//  I        \if     of  the  water  from  &   to  a  falling 

//  downwards,  by  its  gravity,  tends  to 

u  form  a  vacuum,  or  void  space,  in 

if  that  leg  of  the  tube  ;  but  the  press- 

ure of  the  atmosphere  on  the  water  in  the  vessel,  constantly 
forces  the  fluid  up  the  other  leg  of  the  tube,  to  fill  the  void 
space,  and  thus  the  stream  is  continued  as  long  as  any  water 
remains  in  the  vessel. 

Tiie  action  of  the  syphon  depends  upon  the  same  principle 
as  the  action  of  the  pump,  namely,  the  pressure  of  the  atmos- 
pliere,  and  therefore  its  explanation  properly  belongs  to 
Pneumatics.  It  is  introduced  here  merely  for  the  purpose  of 
illustrating  the  phenomena  of  intermitting  springs  ;  a  subject 
which  properly  belongs  to  Hydrostatics. 

Alchohol  has  a  specific  gravity  of  809,  what  in  reference  to  this,  is  the 
specific  gravity  of  water?  In  what  manner  is  a  syphon  made?  Explain 
the  reason  why  the  water  ascends  through  one  leg  of  the  syphon,  and 
descends  through  the  other. 
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Some  springs,  situated  on  the  sides  of  mountains,  flow  for  a 
while  with  great  violence,  and  then  cease  entirely.  After  a 
time  they  begin  to  flow  again,  and  then  suddenly  stop,  as  be- 
fore. These  are  called  intermitting  springs.  Among  igno- 
rant and  superstitious  people,  these  strange  appearances  have 
been  attributed  to  witchcraft,  or  the  influence  of  some  super- 
natural power.  But  an  acquaintance  with  the  laws  of  nature 
will  dissipate  such  ill  founded  opinions,  by  showing  that  they 
owe  their  peculiarities  to  nothing  more  than  natural  syphons, 
existing  in  the  mountains  from  whence  the  water  flows. 
Fig.  91. 


Fig.  91  is  the  section  of  a  mountain  apd  spring,  showing 
how  the  principle  of  the  syphon  operates  to  produce  the  effect 
described.  Suppose  there  is  a  crevice,  or  hollow  in  the  rock, 
from  a  to  b,  and  a  narrow  fissure  leading  from  it,  in  the  form 
of  the  syphon  b  c.  The  water,  from  the  rflls  /,  e,  filling  the 
hollow,  up  to  the  line  a  d,  it  will  then  discharge  itself  through 
the  syphon,  and  continue  to  run  until  the  water  is  exhausted 
down  to  the  leg  of  the  syphon  b,  when  it  will  cease.  Then 
the  water  from  the  rills  continuing  to  run  until  the  hollow  is 
again  filled  up  to  the  same  line,  the  syphon  again  begins  to 
act,  and  again  discharges  the  contents  of  the  reservoir  as  be- 
fore, and  thus  the  spring  p,  at  one  moment  flows  with  great 
violence,  and  the  next  moment  ceases  entirely. 

The  hollow,  above  the  line  a  d,  is  supposed  not  to  be  filled 
with  the  water  at  all,  since  the  syphon  begins  to  act  whenever 
the  flu'id  rises  up  to  the  bend  d. 

During  the  dry  seasons  of  the  year,  it  is  obvious,  that  such 

Whatis  an  intermitting  spring  ?  How  is  the  plienomenon  of  the  in- 
termitting spring  explained?  Explain  fig.  91,  and  show  the  reason  why 
such  a  spring  will  flow,  and  cease  to  flow  alternately. 
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a  spring  would  cease  to  flow  entirely,  and^oUld  begin  again 
only  when  the  water  from  the  mountain  filled  the  cavity 
through  the  rills. 

Such  springs,  although  not  very  common,  exist  in  various 
parts  of  the  world.  Dr.  AtWell  has  described  one  in  the  Phi- 
losophical Transactions,  which  he  examined  in  Devonshire  in 
England.  The  people  in  the  neighborhood,  as  usual,  ascri- 
bed  its  actions  to  some  sort  of  witchery,  and  advised  the  doctor, 
in  case  it  did  not  ebb  and  flow  readily,  when  he  and  his  friend 
were  both  present,  that  one  of  them' should  retire,  and  see 
what  the  spring  would  do,  when  only  the  other  was  present. 


HYDRAULICS. 

It  has  been  stated  that  Hydrostatics  is  that  branch  of  Natu- 
i'al  Philosophy,  which  treats  of  the  weight,  pressure,  and  equi- 
librium  of  fluids,  and  that  Hydraulics  has  for  its  object  the 
investigation  of  the  laws  which  regulate  fluids  in  motion. 

If  the  pupil  has  learned  the  principles  on  which  the  pressure 
and  equilibrium  of  fluids  depend,  as  explained  under  the  for- 
mer article,  he  will  now  be  prepared  to  understand  the  laws 
which  govern  fluids  when  in  motion. 

The  pressure  of  water  downwards,  is  exactly  in  the  same 
proportion  to  its  height,  as  is  the  pressure  of  solids  in  the  same 
direction. 

Suppose  a  vessel  of  three  inches  in  diameter  has  a  billet 
of  wood  set  up  in  it,  so  as  to  touch  only  the  bottom,  and  sup- 
pose the  piece  of  wood  to  be  three  feet  long,  and  to  weigh 
nine  pounds  ;  then  the  pressure  on  the  bottom  of  the  vessel 
will  be  nine  pounds.  If  another  billet  of  wood  be  set  on  this, 
of  the  same  dimensions,  it  ,will  press  on  its  top  with  the 
weight  of  nine  pounds,  and  the  pressure  at  the  bottom  will  be 
18  pounds,  and  if  another  billet  be  set  on  this,  the  pressure  at 
the  bottom  will  be  27  pounds,  and  so  on,  in  this  ratio,  to  any 
height  the  column  is  carried. 

Now  the  pressure  of  fluids  is  exactly  in  the  same  proportion ; 
and  when  confined  in  pipes,  may  be  considered  as  one  short 
column  set  on  another,  each  of  which  increases  the  pressure 
of  the  lowest,  in  proportion  to  their  number  and  height. 

How  does  the  science  of  Hydrostatics  differ  from  that  of  Hydraulics  ? 
Does  the  downward  pressure  of  water  differ  from  the  downward  pres- 
sure of  Solids,  in  proportion  ?  How  is  the  downward  pressure  of  water 
illustrated  f 
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Fig.  93. 


Fig.  92» 

^_  Thus,  notwithstanding  the  lateral  pressure   of 

""  fluids,  their  downward  pressure  is  as  their  heights. 
This  fact  will  be  found  of  importance  intheinves- 
tigation  of  the  principles  of  certain  hydraulic  ma- 
-p  chines,  and  we  have  therefore  endeavoured  to  im- 
press it  on  the  mind  of  the  pupil  by  fig.  92,  where 
it  will  be  seen,  that  if  the  pressure  of  three  feet  of 
water  be  equal  to  nine  pounds  on  the  bottom  of 
-^5  the  vessel,  the  pressure  of  twelve  feet  will  be  equal 
to  thirty-six  pounds. 

The  quantity  of  water  which  will  be  discharged 
from  an  orifice  of  a  given  size,  will  be  in  proper- 
"27tion  to  the  height  of  the  column  of  water  above  it, 
for  the  discharge  wdl  increase  in  velocity,  in  pro- 
portion to  the  pressure,  and  the  pressure,  we  have 
already  seen,  will  be  in  a  fixed  ratio  to  the 
•Sfiheight, 

If  a  vessel,  fig.  93,  be  fil- 
led with  water,  and  three 
apertures  be  made  in  itsside, 
at  the  points  a,  h,  and  c,  the 
fluid  will  be  thrown  out  in 
jets,  and  will  fall  towards  the 
earth,  in  the  curved  lines,  a, 
b,  and  c.  The  reason  why 
these  curves  differ  in  shape, 
is,  that  the  fluid  is  acted  on 
by  two  forces,  namely,  the 
■pressure  of  the  water  above 
the  jet,  which  produces  its  velocity  forward,  and  the  action  of 
gravity,  which  impels  it  downward.  It  therefore  obeys  the 
same  laws  that  solids  do  when  projected  forward,  and  falls 
down  in  curved  lines,  the  shapes  of  which  depend  on  their 
relative  velocities. 

The  quantity  of  water  discharged,  being  in  proportion  to 
the  pressure,  that  discharged  from  each  orifice  will  differ  in 
quantity  according  to  the  height  of  the  water  above  it. 

It  is  found,  however,  that  the  velocity  with  which  a  vessel 
discharges  its  contents,  does  not  depend  entirely  on  the  pres- 

Without  reference  to  the  lateral  pressure,  in  what  proportion  do  flu- 
ids press  downwards?  What  will  be  the  proportion  of  a  fluid  dischar- 
ged from  an  orifice  of  a  given  size  ?  Why  do  the  lines  described  by 
the  jets  from  the  vessel,  fig.  93,  differ  in  shape  ? 
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sure,  but  in  part  on  the  kind  of  orifice  through  which  the 
liquid  flows.  It  might  be  expected,  for  instance,  that  a  tin 
vessel  of  a  given  capacity,  with  an  orifice  of,  say  an  inch  in 
diameter,  through  its  side,  would  part  with  its  contents  sooner 
than  another  of  the  same  capacity,  and  orifice,  whose  side  was 
an  inch  or  two  thick,  since  the  friction  through  the  tin,  might 
be  considered  much  less  than  that  presented  by  the  other 
orifice.  But  it  has  been  found  by  experiment,  that  the  tin 
vessel  did  not  part  with  its  contents  so  soon  as  another  vessel, 
of  the  same  height,  and  size  of  orifice,  from  which  the  water 
flowed  through  a  short  pipe.  And,  on  varying  the  length  of 
these  pipes,  it  was  found  that  the  most  rapid  discharge,  other 
circumstances  being  equal,  was  through  a  pipe,  whose  length 
was  twice  the  diameter  of  its  orifice.  Such  an  aperture  dis- 
charged 82  quarts,  in  the  same  time  that  another  vessel  of 
tin  without  the  pipe,  discharged  62  quarts. 

This  surprising  difference  is  accounted  for,  by  supposing 
that  the  cross  currents,  made  by  the  rushing  of  the  water  from 
different  directions  towards  the  orifice,  mutually  interfere  with 
each  other,  by  which  the  whole  is  broken,  and  thrown  into 
confusion  by  the  sharp  edge  of  the  tin,  and  hence  the  water 
issues  in  the  form  of  spray,  or  of  a  screw,  from  such  an  orifice. 
A  short  pipe  seems  to  correct  this  contention  among  opposing 
currents,  and  to  smooth  the  passage  of  the  whole,  and  hence 
we  may  observe,  that  from  such  a  pipe,  the  stream  is  round 
and  well  defined. 

Friction  between  solids  and  fluids. 
The  rapidity  with  which  water  flows  through  pipes  of  the 
same  diameter,  is  found  to  depend  much  on  the  nature  of 
their  internal  surfaces.  Thus  a  lead  pipe  with  a  smooth  aper- 
ture  under  the  same  circumstances,  will  convey  much  more 
water  than  one  of  wood,  where  the  surface  is  rough,  or  beset 
with  points.     In  pipes,  even  where  the  surface  is  as  smooth  as 

What  two  forces  act  upon  the  fluid  as  it  is  discharged,  and  how  do 
these  forces  produce  a  curved  line?  Does  the  velocity  with  which  a 
fluid  is  discharged,  depend  entirely  on  the  pressure?  What  circum- 
stance, besides  pressure,  facilitates  the  discharge  of  water  from  an  ori- 
fice ?  In  a  tube,  discharging  water  wilh  the  greatest  velocity,  what  is 
the  proportion  between  its  diameter  and  its  length  ?  What  is  the  pro- 
portion between  the  quantity  of  fluid  dsicharged  through  an  orifice  of 
tin,  and  through  a  short  pipe  ?  Suppose  a  lead  and  a  glass  tube,  of  the 
same  diameter,  which  will  deliver  the  greatest  quantity  of  liquid  in  the 
same  time  ? 
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glass,  there  is  still  considerable  friction,  for  in  all  cases  the 
water  is  found  to  pass  more  rapidly  in  the  n)iddle  of  the  stream 
than  it  does  on  the  outside,  where  it  rubs  against  the  sides  of 
the  tube. 

The  sudden  turns,  or  angles  of  a  pipe,  are  also  found  to  be 
a  considerable  obstacle  to  the  rapid  conveyance  of  the  water, 
for  such  angles  throw  the  fluid  into  eddies  or  currents,  by 
which  its  velocity  is  arrested. 

In  practice  therefore,  sudden  turns  are  generally  avoided, 
and  where  it  is  necessary  that  the  pipe  should  change  its  direc- 
tion,  it  is  done  by  means  of  as  large  a  circle  as  convenient. 

Where  it  is  proposed  to  convey  a  certain  quantity  of  water 
to  a  considerable  distance  in  pipes,  there  will  be  a  great  dis- 
appointment  in  respect  to  the  quantity  actually  delivered,  un- 
less the  engineer  takes  into  account  the  friction,  and  the  turn- 
ings of  the  pipes,  and  makes  large  allowances  for  these  cir- 
cumstances.  If  the  quantity  actually  delivered  ought  to  fill  a 
two  inch  pipe,  one  of  three  inches  will  not  be  too  great  an  al- 
lowance,  if  the  water  is  to  be  conveyed  to  any  considerable 
distance. 

In  practice,  it  will'  be  found  that  a  pipe  of  two  inches  in 
diameter,  one  hundred  feet  long,  will  discharge  about  five 
times  as  much  water  as  one  of  one  inch  in  diameter  of  the 
same  length,  and  under  the  same  pressure.  This  difference 
is  accounted  for,  by  supposing  that  both  tubes  retard  the  mo- 
tion of  the  fluid,  by  friction,  at  equal  distances  from  their  in- 
ner  surfaces,  and  consequently  that  the  effect  of  this  cause  is 
much  greater  in  proportion,  in  the  small  tube,  than  in  the 
large  one. 

The  effect  of  friction  in  retarding  the  motion  of  fluids  is 
perpetually  illustrated  in  the  flowing  of  rivers  and  brooks. 
On  the  side  of  a  river,  the  ^vater,  especially  where  it  is  shal- 
low, is  nearly  still,  while  in  the  middle  of  the  stream  it  may 
run  at  the  rate  of  five  or  six  miles  an  hour.  For  the  same  rea- 
son, the  water  at  the  bottoms  of  rivers  is  much  less  rapid  than 
at  the  surface.  This  is  often  proved  by  the  oblique  position 
of  floating  substances,  which  in  still  water  would  assume  a 
vertical  direction. 

Why  will  the  glass  tube  deliver  most?  What  is  said  of  the  sudden 
turnings  of  a  tube  in  retarding  the  motion  of  the  fluid  ?  How  much 
more  water  will  a  two  inch  tube  of  a  hundred  feet  long,  discharge,  than 
a  one  inch  tube  of  the  same  length  ?  How  is  this  difference  accounted 
for  ?  How  do  rivers  show  the  effect  of  friction  in  retardmg  the  motion 
of  their  waters  ? 
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Fig.  94,  Thus  suppose  the  stick  of  wood,  e,  fig. 

94,  to  be  loaded  at  one  end  with  lead,  of 
the  same  diam  .er  as  the  wood,  so  as  to 
make  it  stand  upright  in  still  water.  In 
the  current  of  a  river,  where  the  lower 
end  nearly  reaches  the  bottom,  it  will  in- 
cline  as  in  the  figure,  because  the  water 
is  more  rapid  towards  the  surface  than  at 
the  bottom,  and  hence  the  tendency  of 
the  upper  end  to  move  faster  than  the  low- 
er one,  gives  it  an  inclination  forward. 
Machines  for  raising  water. 
The  common  pump,  though  a  hydraulic  machine,  depends 
on  the  pressure  of  the  atmosphere  for  its  effect,  and  therefore 
its  explanation  comes  properly  under  the  article  Pneumatics, 
where  the  consequences  of  atmospheric  pressure  will  be  illus- 
trated. 

Such  machines  only,  as  raise  water  without  the  assistance 
of  the  atmosphere,  come  properly  under  the  present  article. 

Among  these,  one  of  the  most  curious,  as  well  as  ancient 
machines,  is  the  screw  of  Archimedes,  and  which  was  invent- 
ed by  that  celebrated  philosopher,  two  hundred  years  before 
the  Christian  era,  and  then  employed  for  raising  water  and 


draining  land  in  Egypt. 


Fig.  95. 


it  consists  of  a  hollow  tube,  fig.  95,  coiled  around  a  shaft 
of  wood  to  kfeep  it  in  place,  and  give  it  support.     Both  ends  of 

Explain  fig.  94.  "Who  is  said  to  have  been  the  inventor  of  Archime- 
dos'  screw  ?  Explain  this  machine  as  represented  in  fig.  95,  and  show 
hew  the  water  is  elevated  by  turning  it. 
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the tube  are  open,  the  lower  one  being  dipped  into  the  water 
to  be  raised,  and  the  upper  one  discharging  it  in  an  uninter- 
rupted  stream.  The  shaft  turns  on  a  support  at  each  end,  that 
at  the  upper  end  being  seen  at  a,  the  lower  one  being  hid  by 
the  water.  As  the  machine  now  stands,  the  lower  bend  of 
the  screw  is  filled  with  water,  since  it  is  below  the  surface  c,  d* 
On  turning  it  by  the  handle,  from  left  to  right,  that  part  of 
the  screw  now  filled  with  water  will  rise  above  the  surfiice  c,  d, 
and  the  water  having  no  place  to  escape,  falls  into  the  next 
lawest  part  of  the  screw  at  e.  At  the  next  revolution,  that 
portion  which,  during  the  last,  was  at  e,  will  be  elevated  to^, 
for  the  lowest  bend  will  receive  another  supply,  which  in  the 
mean  time  will  be  transferred  to  e,  and  thus  by  a  continuance 
of  this  motion,  the  water  is  finally  elevated  to  the  discharging 
orifice  p. 

This  principle  is  readily  illustrated  by  winding  a  piece  of 
lead  tube  round  a  walking  stick,  and  then  turning  the  whole 
with  one  end  in  a  dish  of  water,  as  shewn  in  the  figure. 

Fig.  96.  Instead  of  this  method,  water  was  some- 

times raised  by  the  ancients,  by  means  of  a 
^  rope,  or  bundle  of  ropes,  as  shewn  at  fig. 
96. 

This  mode  illustrates  in  a  very  striking 
manner  the  force  of  friction  between  a  sol- 
id and  fluid,  for  it  was  by  this  force  alone, 
that  the  water  was  supported  and  elevated. 
The  large  wheel  a,  is  supposed  to  stand 
over  the  well,  and  b,  a  smaller  wheel,  is 
fixed  in  the  water.  The  rope  is  extended 
between  the  two  wheels,  and  rises  on  one 
side  in  a  perpendicular  direction.  On  turn- 
ing the  wheel  by  the  crank  d,  the  water  is 
brought  up  by  the  friction  of  the  rope,  and 
falling  into  a  reservoir  at  the  bottom  of  the 
frame  which  supports  the  wheel,  is  discharged  at  the  spout  d. 
It  is  evident  that  the  motion  of  the  wheel,  and  consequently 
that  of  the  rope,  must  be  very  rapid,  in  order  to  raise  any  con- 
siderable quantity  of  water  by  this  method.  But  when  the 
upward  velocity  of  the  rope  is  eight  or  ten  feet  per  second,  a 
large  quantity  of  water  may  be  elevated  to  a  considerable 
height  by  this  machine. 

How  may  the  principle  of  Archimedes'  screw  be  readily  illustrated  ? 
Explain  in  what  manner  water  is  raised  by  the  machine  represented  by 
fig.  96. 


114 


HYDRAULICS. 


Fig.  97. 


^:_ 


For  the  different  modes  of  applying  water  as  a  power  for 
driving  mills,  and  other  useful  purposes,  we  must  refer  the 
reader  to  works  on  practical  mechanics.  There  is  however, 
one  method  of  turning  machinery  hy  water,  invented  by  Dr. 
Barker,  which  is  strictly  a  philosophical,  and  at  the  same  time 
a  most  curious  invention,, and  therefore  is  properly  introduced 
here. 

This  machine  is  called  BarTcer^s 
centrifugal  mill,  and  such  parts  of  it 
as  are  necessary  to  understand  the 
principle  on  which  it  acts  are  rep- 
resented  by  fig.  97. 

The  upright  cplinder  a,  is  a  tube 
which  has  a  funnel  shaped  mouth, 
for  the  admission  of  the  stream  of 
water  from  the  pipe  b.  This  tube  is 
six  or  eight  inches  in  diameter,  and 
may  be  from  ten  to  twenty  feet  long. 
The  arms  n  and  o,  are  also  tubes 
communicating  freely  with  the  up- 
right one,  from  the  opposite  sides  of 
which  they  proceed.  The  shaft  d, 
is  firmly  fastened  to  the  inside  of  the 
tube,  openings  at  the  same  time  be- 
ing left  for  the  water  to  pass  to  the 
arms  o  and  7i.  The  lower  part  of 
the  tube  is  solid,  and  turns  on  a  point  resting  on  the  block  of 
stone  or  iron,  c.  The  arms  are  closed  at  their  ends,  near 
which  there  are  orifices  on  the  sides  opposite  to  each  other, 
so  that  the  water  spouting  from  them,  will  fty  in  opposite  di- 
rections. The  stream  from  the  pipe  b,  is  regulated  by  a  stop- 
cock, so  as  to  keep  the  tube  a  constantly  full  without  over- 
flowing. 

To  set  this  engine  in  motion,  suppose  the  upright  tube  to 
be  filled  with  water,  and  the  arms  n  and  o,  to  be  given  a 
slight  impulse ;  the  pressure  of  the  water  from  the  perpendic 
ular  column  in  the  large  tube  will  give  the  fluid  a  velocity  of 
discharge  at  the  ends  of  the  arms  proportionate  to  its  height. 
The  reaction  of  the  air  against  the  water  so  discharged  will 
continue,  and  increase  the  rotatory  motion  thus  begyn.  Af- 
ter a  few  revolutions,  the  machine  will  receive  an  additional 
impulse  by  the  centrifugal  force  generated  in  the  arms,  and 


What  is  fig.  97  intended  to  represent  ?     Describe  this  mill. 
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in  consequence  of  this,  a  much  more  violent  and  rapid  dis- 
charge of  the  water  takes  place,  than  would  occur  by  the  pres- 
sure of  that  in  the  upright  tube  alone.  The  centrifugal  force 
and  the  force  of  the  discharge  thus  acting  at  the  same  time, 
and  each  increasing  the  force  of  the  other,  this  machine  re- 
volves with  great  velocity  and  proportionate  power.  The  fric- 
tion which  it  has  to  overcome,  when  compared  with  that  of  oth- 
er machines,  is  very  slight,  being  chiefly  at  the  point  c,  where 
the  weight  of  the  upright  tube  and  its  contents  is  sustained. 

By  fixing  a  cog  wheel  to  the  shaft  at  d,  motion  may  be 
given  to  any  kind  of  machinfcry  required. 

Where  the  quantity  of  water  is  small,  but  its  height  consid- 
erable,  this  machine  may  be  employed  to  great  advantage,  it 
being  under  such  circumstances  one  of  the  most  powerful  en- 
gines ever  invented. 

PNEUMATICS. 

The  term  Pneumatics  is  derived  from  the  Greek  pneuma, 
which  signifies  breath,  or  air.  It  is  that  science  \vhich  in- 
vestigates the  mechanical  properties  of  air,  and  other  elastic 
fluids. 

Under  the  article  hydraulics,  it  was  stated  that  fluids  were 
of  two  kinds,  namely,  elastic  and  ?iow-elastic,  and  that  air  and 
the  gases  belonged  to  the  first  kind,  while  water  and  other 
liquids  belonged  to  the  second. 

The  atmosphere,  which  surrounds  the  iearth,  and  in  which 
we  live,  and  a  portion  of  which  we  take  into  our  lungs  at  ev- 
ery breath,  is  called  air,  while  the  artificial  products  which 
possess  the  same  mechanical  properties,  are  called  gases. 

When  therefore  the  word  air  is  used,  in  what  follows,  it 
will  be  understood  to  mean  the  atmosphei'e  which  we  breathe. 

Every  hollow,  crevice,  or  pore,  in  solid  bodies  not  filled 
with  a  liquid,  or  some  other  substance,  appears  to  be  filled 
with  air :  thus  a  tube  of  any  length,  the  bore  of  which  is  as 
small  as  it  can  be  made,  if  kept  open  will  be  filled  with  air, 
and  hence  when  it  is  said  that  a  vessel  is  filled  with  air,  it  is 
only  meant  that  the  vessel  is  in  its  ordinary  state.  Indeed, 
this  fluid  finds  its  way  into  the  most  minute  pores  of  all  sub- 
stances,  and  cannot  be  expelled,  and  kept  out  of  any  vessel, 
without  the  assistance  of  the  air  pump,  or  some  other  mechan- 
ical means. 

What  is  pneumatics  ?  What  is  air  ?  What  is  gas  ?  What  is  meant, 
when  it  is  said  that  a  vessel  is  filled  with  air .''  Is  there  a^y  difficulty  in 
expelling  the  air  from  vessels  ? 
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By  the  elasticity  of  air,  is  meant  its  spring,  or  the  force 
with  which  it  re-acts  when  compressed  in  a  close  vessel.  It 
js  chiefly  in  respect  to  its  elasticity,  and  lightness,  that  the  me- 
chanical  properties  of  air  differ  from  those  of  water,  and  other 
liquids. 

Elastic  fluids  differ  from  each  other,  in  respect  to  the  per- 
manency of  the  elastic  property.  Thus  steam  is  elastic  only 
while  its  heat  is  continued,  and  on  cooHng  returns  again  to 
the  form  of  water. 

Some  of  the  gases  also,  on  being  strongly  compressed,  lose 
their  elasticity,  and  take  the  form  of  liquids.  But  air  differs 
from  these,  in  being  permanently  elastic  ;  that  is,  if  it  be  com- 
pressed  with  ever  so  much  force,  and  retained  under  com- 
pression  for  any  length  of  time,  it  does  not  therefore  lose  its 
elasticity,  or  disposition  to  regain  its  former  bulk,  but  always 
Fig.  98.  re-acts  with  a  force,  in  proportion  to  the  power  by 
which  it  is  compressed. 

Thus,  if  the  strong  tube,  or  barrel,  fig.  98,  be 
smooth,  and  equal  on  the  inside,  and  there  be  fit- 
ted to  it  the  solid  piston,  or  plug  a,  so  as  to  work 
up  and  down  air  tight,  by  the  handle  b,  the  air  in 
the  barrel  may  be  pressed,  without  difficulty,  in- 
to a  hundred  times  less  than  its  usual  bulk.     In- 
deed, if  the  vessel  be  of  sufficient  strength,  and 
the  force  employed  sufficiently  great,  its  bulk  may 
be  lessened  a  thousand  times,  or  in  any  propor- 
tion according  to  the   force   employed  ;  and  if 
kept  in  this  state  for  years  it  will  regain  its  for- 
^mer  bulk  the  instant  the  pressure  is  removed. 
='-"^Thus  it  is  a  general  principle  in  pneumatics,  that 
air  is  compressible  in  proportion  to  the  force  employed. 

On  the  contrary,  when  the  usual  pressure  of  the  atmosphere 
is  removed  from  a  portion  of  air,  it  expands  and  occupies  a 
space  larger  than  before  ;  and  it  is  found  by  experiment  that 
this  expansion  is  in  a  ratio,  as  the  removal  of  the  pressure  is 
more  or  less  complete.  Air  also  expands,  or  increases  in 
bulk  when  heated. 

If  the  stop-cock,  c,  fig.  98,  be  opened,  the  piston  a,  may  be 
pushed  down  with  ease,  because  the  air  contained  in  the  barrel 
vvill  be  forced  out  at  the  aperture.     Suppose  the  piston  to  be 

What  is  meant  by  the  elasticity  of  air  ?  How  does  air  differ  from 
stearn,  and  some  of  the  gases,  in  respect  to  its  elasticity  ?  Does  air  lose 
its  elastic  force  by  being  long  compressed  ?  In  what  prpportion  to  the 
force  employed  is  the  bulk  of  air  lessened .' 


PNEUMATICS.  117 

pushed  down  to  within  an  inch  of  the  bottom,  and  then  the 
stop-cock  closed,  so  that.no  air  can  enter  below  it.  Now,  on 
drawing  the  piston  up  to  the  top  of  the  barrel,  the  inch  of  air 
will  expand  and  fill  the  whole  space,  and  were  this  space  a 
thousand  times  as  large,  it  would  still  be  filled  with  the  ex- 
panded air,  because  the  piston  removes  the  pressure  of  the 
external  atmosphere  from  that  within  the  barrel. 

It  follows  therefore,  that  the  space  which  a  given  portion 
of  air  occupies,  depends  entirely  on  circumstances.  If  it  is 
under  pressure,  its  bulk  will  be  diminished  in  exact  propor- 
tion ;  and  as  the  pressure  is  removed,  it  will  expand  in  propor- 
tion, so  as  to  occupy  a  thousand,  or  even  a  million  times  as 
much  space  as  before. 

Another  property  which  air  possesses  is  weight,  or  gravity, 
This  property,  it  is  obvious,  must  be  slight,  when  compared 
with  the  weight  of  other  bodies.  But  that  air  has  a  certain 
degree  of  gravity,  in  common  with  other  ponderous  substan- 
ces, is  proved  l3y  direct  experiment.  Thus  if  the  air  be 
pumped  out  of  a  close  vessel,  and  then  the  vessel  be  exactly 
weighed,  it  will  be  found  to  weigh  more  when  the  air  is  again 
admitted. 

It  is  however  the  weight  of  the  atmosphere  which  presses 
on  every  part  of  the  earth's  surface,  and  in  which  we  live  and 
move,  as  in  an  ocean,  that  here  particularly  claims  our  atten- 
tion. 

Fig.  99.         The  pressure  of  the  atmosphere  may  be  easily 
shewn  by  the  tube  and  piston,  fig.  99. 

Suppose  there  is  an  orifice,  to  be  opened  or  closed 
by  the  valve  h,  as  the  piston  a  is  moved  up  or  down 
in  its  barrel.  The  valve  being  fastened  by  a  hinge 
on  one  side,  it  is  obvious  that  on  pushing  the  piston 
down,  it  will  open  by  the  pressure  of  the  air  against 
it,  and  the  air  will  make  its  escape.  But  when  the 
piston  is  at  the  bottom  of  the  barrel,  on  attempt- 
_  ing  to  raise  it  again,  towards  the  top,  the  valve 
is  closed  by  the  force  of  the  external  air  acting 
upon  it.  if  therefore  the  piston  be  drawn  up  in 
this  state,  it  must  be  against  the  pressure  of  the  at- 
mosphere,  the  whole  weight  of  which,  of  the  size 

In  what  propoition  will  a  quantity  of  air  increase  in  bulk  as  the  pres- 
sure is  removed  from  it  ?  How  is  this  illustrated  by  fig.  98  ?  On  what 
circumstance,  therefore,  will  the  bulk  of  a  given  portion  of  air  depend  ■' 
How  is  it  proved  that  air  has  weight  ?  Explain  in  what  manner  the 
pressure  of  the  atmosphere  is  shewn  by  fig.  99. 
^  11 
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of  the  piston,  must  be  lifted,  while  there  will  remain  a  vacuum 
or  void  space  below  it  in  the  tube.  If  the  piston  be  only  three 
inches  in  diameter,  it  will  require  the  full  strength  of  a  man 
to  draw  it  to  the  top  of  the  barrel,  and  when  raised,  if  sudden- 
ly  let  go,  it  will  be  forced  back  again,  by  the  weight  of  the 
air,  and  will  strike  the  bottom  with  great  violence. 

The  force  thus  pressing  upon  the  piston  is  often  called  sue- 
fion,  and  many  persons  believe  that  there  is  something  with- 
in the  barrel,  which  keeps  the  piston  from  rising,  or  which 
makes  it  move  upwards  with  so  much  difficulty,  never  suspect- 
ing that  the  force  is  on  the  upper  side  of  the  piston,  instead  of 
being  within  the  barrel. 

Now,  that  it  is  the  weight  of  the  atmosphere  which  presses 
the  piston  down,  is  proved  by  the  fact,  that  if  its  diameter  be 
enlarged,  a  greater  force,  in  exact  proportion,  will  be  requir- 
ed to  raise  it.  And  further,  if  when  the  piston  is  drawn  to 
the  top  of  the  tube,  a  stop-cock,  as  at  e,  fig.  98,  be  opened,  and 
the  air  admitted  under  it,  the  piston  will  not  then  be  forced 
down  in  the  least,  because  then  the  air  will  press  as  much  an 
the  under,  as  on  the  upper  side  of  the  piston. 

By  accurate  experiments,  an  account  of  which  it  is  notne 
cesssary  here  to  detail,  it  is  found  that  the  weight  of  the  at 
mosphere,  on  every  inch  square  of  the  surface  of  the  earth 
is  equal  to  fifteen  pounds.  If  then  a  piston,  working  air  tight 
in  a  barrel,  be  drawn  up  from  its  bottom,  the  force  employed 
besides  the  friction,  will  be  just  equal  to  that  required  to  lift 
the  same  piston,  under  ordinary  circumstances,  with  a  weight 
laid  on  it  equal  to  fifteen  pounds  for  every  square  inch  of  sur- 
face. 

The  number  of  square  inches  in  the  surface  of  a  piston  of 
a  foot  in  diameter,  is  113.  This  being  multiplied  by  the 
weight  of  the  air  on  each  inch,  which  being  15  pounds,  is 
equal  to  1695  pounds.  Thus  the  air  constantly  presses  on 
every  surface,  which  is  equal  to  the  dimensions  of  a  circle 
one  foot  in  diameter,  with  a  weight  of  1695  pounds. 
Air  Pump. 

The  air  pump  is  an  engine  by  which  the  air  can  be  pump- 
ed out  of  a  vessel,  or  v/ithdrawn  from  it.     The  vessel  so  ex- 

What  isihe  force  pressing  on  the  piston  when  drawn  upward,  some- 
times called  ?  How  is  it  proved  that  it  is  the  weight  of  the  atmosphere, 
instead  of  suction,  which  makes  the  piston  rise  with  difficulty  ?  What 
is  the  pressure  of  the  atmosphere  on  every  square  inch  of  surface  on  the 
earth  ?  What  is  the  number  of  square  inches  in  a  circle  of  one  foot  in 
diameter  ?  What  is  the  woighl  of  the  atmosphere  on  a  surface  of  a 
foot  in  diameter  ? 
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hausted  is  called  a  receiver,  and  the  space  thus  left  in  the  ves- 
sel, after  withdrawing  the  air,  is  called  a  vacuum. 

The  principles  on  which  the  air  pump  is  constructed  are 
readily  unders.ood,  and  are  the  same  in  all  instruments  of  this 
kind,  though  the  from  of  the  instrument  itself  is  often  con- 
siderably modified. 

The  general  principles  of  its  construction  will  be  compre- 
hended by  an  explanation  of  fig.  100.     In  this  figure  let  g,  be 
Fig.tlOO.  a  glass  vessel,  or  receiver,  closed  at 

the  top,  and  open  at  the  bottom, 
standing  on  a  perfectly  smooth  sur- 
face, which  is  called  the  plate  of  the 
air  pump.  Through  the  plate  is  an 
aperture  a,  which  communicates  with 
the  inside  of  the  receiver,  and  the 
barrel  of  the  pump.  The  piston  rod 
J  p,  works  airtight  through  the  stuffed 
collar  c,  and  the  piston  also  moves 
airtight  through  the  barrel.  At  the 
extremity  of  the  barrel  there  is  a 
L  Jh  valve  e,  which  opens  outwards,  and 
<j^  ^  is  closed  with  a  spring. 
Now  suppose  the  piston  to  be  drawn  up  to  c,  it  will  then 
leave  a  free  communication  between  the  receiver  g,  through 
the  orifice  a,  to  the  pump  barrel,  in  which  the  piston  works. 
Then  if  the  piston  be  forced  down  by  it?  handle,  it  will  com- 
press the  air  in  the  barrel  between  d  and  e,  and  in  consequence, 
the  valve  e  will  be  opened,  and  the  air  so  condensed  will  es- 
cape. On  drawing  the  piston  up  again,  the  valve  will  be 
closed,  and  the  external  air  not  being  permitted  to  enter,  a 
vacuum  will  be  formed  in  the  barrel,  from  e  to  a  little  above  d. 
When  the  piston  comes  again  to  c,  the  air  contained  in  the 
glass  vessel,  together  with  that  in  the  passage  between  the 
vessel  and  the  pump  barrel,  will  rush  in  to  fill  the  vacuum. 
Thus  there  will  be  less  air  in  the  whole  space,  and  conse- 
quently in  the  receiver,  than  at  first,  because  all  that  contain- 
ed in  the  barrel  is  forced  out  at  every  stroke  of  the  piston. 

What  is  the  air  pump  ?  What  is  the  receiver  of  an  air  pump  ?  What 
is  a  vacuum  ?  In  fig.  100,  which  is  the  receiver  of  the  air  pump  ? 
When  the  pinion  is  pressed  down,  what  quantity  of  air  is  thrown  out? 
When  thp  piston  is  drawn  up,  what  is  formed  in  the  barrel  ?  How  is 
this  vacuum  again  filled  with  air  ? 
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On  repeating  the  same  process,  that  is,  drawing  up  and  forcing 
down  the  piston,  the  air  at  each  time  in  the  receiver,  will  be- 
come less  and  less  in  quantity,  and  in  consequence,  more  and 
more  rarefied.  For  it  must  be  understood,  that  although  the 
air  is  exhausted  at  every  stroke  of  the  pump,  that  which  re- 
mains, by  its  elasticity  expands,  and  still  occupies  the  whole 
space.  The  quantity  forced  out  at  each  successive  stroke  is, 
therefore,  diminished,  until,  at  last,  it  no  longer  hasjsufficient 
force  before  the  piston,  to  open  the  v^ilve,  when  the  exhausting 
power  of  the  instrument  must  cease  entirely. 

Now  it  will  be  obvious,  that  as  the  exhausting  power  of  the 
air  pump  depends  on  the  expansion  of  the  air  within  it,  a  per- 
Ject  vacuum  can  never  be  formed  by  its  means,  for  so  long  as 
exhaustion  takes  place,  there  must  be  air  to  be  forced  out,  and 
when  this  becomes  so  rare  as  not  to  force  open  the  valves, 
then  the  process  must  end. 

A  good  air  pump  has  two  similar  pumping  barrels  to  that 
described,  so  that  the  process  of  exhaustion  is  performed  in 
half  the  time  that  it  could  be  performed  by  one  barrel. 

Fig.  101.  The  barrels,   with  their 

pistons,  and  the  usual  mode 
of  working  them,  are  re- 
presented by  fig.  101.  The 
piston  rods  are  furnished 
with  racks,  or  teeth,  and 
are  worked  by  the  toothed 
wheel  a,  which  is  turned 
backwards  and  forwards, 
by  the  lever  and  handle  b. 
The  exhaustion  pipe,  c, 
leads  to  the  plate  on  which 
the  receiver  stands,  as 
shown  in  fig.  100.  The 
valves  V,  n,  u,  and  m,  all 
open  upwards. 

To  understand  how  these 
pistons  act  to  exhaust  the 
air  from  the  vessel  on  the  plate,  through  the  pipe  c,  we  will 
suppose,  that  a«  the  two  pistons  now  stand,   the  handle  b  is 

Is  the  air  pump  capable  of  producing  a  perfect  vacuum  ?  Why  do 
common  air  pumps  have  more  than  one  barrel  and  piston?  How  are 
the  pistons  of  an  air  pump  worked  ? 
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turned  towards  the  left.  This  will  raise  the  piston  A,  while 
the  valve  u  will  be  closed  by  the  pressure  of  the  external  air 
acting  on  it  in  the  open  barrel  in  which  it  works.  There 
would  then  be  a  vacuum  formed  in  this  barrel,  did  not  the 
valve  m  open  and  let  in  the  air  coming  from  the  receiver 
through  the  pipe  c.  When  the  piston,  therefore,  is  at  the  up- 
per end  of  the  barrel,  the  space  between  the  piston  and  the 
valve  m,  will  he  filled  with  the  air  from  the  receiver.  Next 
suppose  the  handle  to  be  moved  to  the  right,  the  piston  A 
■will  then  descend,  and  compress  the  air  with  which  the  barrel 
is  filled,  which,  acting  against  the  valve  u,  forces  it  open,  and 
thus  the  air  escapes.  Thus  it  is  plain,  that  every  time  the 
piston  rises,  a  portion  of  air,  however  rarefied,  enters  the  bar- 
rel, and  every  time  that  it  descends,  this  portion  escapes,  and 
mixes  with  the  exiernal  atmosphere. 

The  action  of  the  other  piston  is  exactly  similar  to  this, 
only  that  B  rises  while  A  falls,  and  so  the  contrary.  It  will 
be  obvious,  on  an  inspection  of  the  figure,  that  the  air  cannot 
pass  from  one  barrel  to  the  other,  for  while  A  is  rising,  and 
the  valve  m  is  open,  the  piston  B  will  be  descending,  so  that 
the  force  of  the  air  in  the  barrel  U,  will  keep  the  valve  n  clos- 
ed. Many  interesting  and  curious  experiments,  illustrating 
the  expansibility  and  pressure  of  the  atmosphere,  are  shown 
by  this  instrumert. 

If  a  withered  apple  be  placed  under  the  receiver,  and  the 
air  is  exhausted,  the  apple  will  swell,  and  become  plump,  in 
consequence  of 'he  e!<pansion  of  the  air  which  it  contains 
within  the  skin. 

Ether  placed  in  the  same  situation,  soon  begms  to  boil 
without  the  influence  of  heat,  because  its  particles,  not  having 
the  pressure  of  t  le  atmosphere  to  force  them  together,  fly  ofl' 
with  so  much  rapidity  as  tu  produce  ebullition. 
Tht  Condenser. 
The  operation  of  the  condenser  is  the  reverse  of  that  of  the 
air  pump,  and  is  ;i  much  more  simple  machine.  The  air  pump, 
as  we  have  just  seen,  will  deprive  a  vessel  of  its  ordinary 
quantity  of  air.     The  condenser,  on  the  contrary,  will  double, 

While  the  pistoi'  A  is  ascendintr,  which  valves  will  be  open,  and 
which  closed  f  W  len  the  piston  A  descends,  what  becomes  ot  the  air 
with  which  its  barrel  was  filled  ?  Why  does  not  the  air  pass  from  one 
barrel  to  the  other,  through  the  valves  m  and  n  'Why  does  an  apple 
placed  -n  the  exhausted  receiver  grow  plump  ?  Why  does  ether  boil  in 
the  same  sitnation  ?     How  does  the  condenser  operate  ? 
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Fig.  102.    or  treble  the  ordinary  quantity  bf  air  in  a  close 
vessel,  according  to  the  force  employed. 

This  instrument,  fig.   102,  consists  of  a  pump 

barrel  and  piston,  a,  a  stop  cock  b,  and  the  vessel 

c  furnished  with  a  valve  opening  inwards.     The 

orifice  d,  is  to  admit  the  air,  when  the  piston  is 

^d   drawn  up  to  the  top  of  the  barrel. 

To  describe  its  action,  let  the  piston  be  above 
d,  the  orifice  being  open,  and  therefore  the  instru- 
ment filled  with  air,  of  the  same  density  as  the 
external  atmosphere.  Then  on  forcing  the  piston 
down,  the  air  in  the  pump  barrel,  below  the  ori- 
fice d,  will  be  compressed,  and  will  rush  through 
the  stop  cock  b,  into  the  vessel  c,  where  it  will  be 
retained,  because,  on  again  moving  the  piston  up- 
ward, the  elasticity  of  the  air  will  close  the  valve 
through  which  it  was  forced.  On  drawing  the 
piston  up  again,  another  portion  of  air  will  rush  in 
at  the  orifice  d,  and  on  forcing  it  down,  this  will  also  be  dri- 
ven  into  the  vessel  c  ;  and  this  process  may  be  continued  as 
long  as  sufficient  force  is  applied  to  move  the  piston,  or  there 
is  sufficient  strength  in  the  vessel  to  retain  the  air.  When  the 
condensation  is  finished,  the  stop  cock  b  may  be  turned,  to 
render  the  confinement  of  the  air  more  secure. 

The  magazines  of  air  guns  are  filled  in  the  manner  above 
described.  The  air  gun  is  shaped  like  other  guns,  but  instead 
of  the  force  of  powder,  that  of  air  is  employed  to  project  the 
bullet.  For  this  purpose,  a  strong  hollow  ball  of  copper,  whh 
a  valve  on  the  inside,  is  screwed  to  a  condensei",  and  the  air 
is  condensed  in  it,  thirty  or  forty  times.  This  ball  or  maga. 
zine,  is  then  taken  from  the  condenser,  and  screwed  to  the 
gun,  under  the  lock.  By  means  of  the  lock,  a  communication 
is  opened  between  the  magazine  and  the  inside  of  the  gun- 
barrel,  on  which  the  spring  of  the  confined  air  against  tke 
leaden  bullet  is  such,  as  to  throw  it  with  nearly  the  same  force 
as  gun-powder. 

Explain  fig.  102,  and  show  in  what  manner  the  air  is  condensed; 
Explain  the  principle  of  the  air  gun. 
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Fig.  103. 

Barometer. 

Suppose  a,  fig.  103,  to  be  a  tube,  thirty  feet 
long,  and  the  piston  b,  to  be  so  nicely  fitted  to  its 
inside,  as  to  work  air  tight.  If  the  lower  end 
of  the  tube  be  dipped  into  water,  and  the  piston 
drawn  up  by  pulling  at  the  handle  c,  the  water 
will  follow  the  piston  so  closely  as  to  be  in  con- 
tact  with  its  surface,  and  apparently  to  be  drawn 
up  by  the  piston,  as  though  the  whole  was  one 
solid  body.  If  the  tube  be  thirty-five  feet  long 
instead  of  thirty,  the  water  will  continue  to  fol- 
low the  piston,  until  it  comes  to  the  height  of 
about  thirty-three  feet,  where  it  will  stop,  and  if 
the  piston  be  drawn  up  still  further,  the  water 
will  not  follow  it,  but  will  remain  stationary,  the 
space  from  this  height,  between  the  piston  and 
the  water,  being  left  a  void  space,  or  vacuum. 

The  rising  of  the  water,  in  the  above  case, 
which  only  involves  the  principle  of  the  common 
_  rpump,  is  thought  by  some  to  be  caused  by  suction, 
^Sthe  piston  sMcA:z7i^  up  the  water  as  it  is  drawn 
upward.  But  according  to  the  common  notion  at- 
tached to  this  term,  there  is  no  reason  why  the  water  should 
not  continue  to  rise  above  the  thirty-three  feet,  or  why  the 
power  of  suction  should  cease  at  that  point,  rather  than  at  any 
other.  Without  entering  into  any  discussion  on  the  absurd 
notions  concerning  the  power  of  suction,  it  is  sufficient  here 
to  state,  that  it  has  long  since  been  proved,  that  the  elevation 
of  the  water  in  the  case  above  described,  depends  entirely  on 
the  weight  and  pressure  of  the  atmosphere,  on  that  portion  of 
the  fluid  which  is  on  the  outside  of  the  tube.  Hence,  when 
the  piston  is  drawn  up,  under  circumstances  where  the  air 
cannot  act  on  the  water  around  the  tube,  or  pump  barrel,  no 
elevation  of  the  fluid  will  follow.  This  will  be  obvious,  by 
the  following  experiment. 


Suppose  the  tube,  fig.  103,  to  stand  with  its  lower  end  in  the  water, 
and  the  piston  a  to  be  drawn  upward  thirty-five  feet,  how  far  will  the 
water  follow  the  piston  ?  'WTiat  will  remain  in  the  tube  between  the 
piston  and  the  water,  after  the  piston  rises  higher  than  thirty-three 
feet  ?  What  is  commonly  supposed  to  make  the  water  rise  in  such  ca- 
ses? Is  there  luy  reason  why  the  suction  should  cease  at  33  feet  ? 
What  is  the  true  cause  of  the  ©kvation  of  the  water,  when  the  piston, 
fig.  103,  is  drawn  up  ? 
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Suppose  fig.  104,  to  be  the  sections,  or  halves  of 
two  tubes,  one  within  the  other,  the  outer  one  be- 
ing made  entirely  close,  so  as  to  admit  no  air,  and 
the  space  between  the  two  being  also  made  air-tight 
at  the  top.  Suppose,  also,  that  the  inner  tube  be- 
ing left  open  at  the  lower  end,  does  not  reach  the 
bottom  of  the  outer  tube,  and  thus  that  an  open  6pace 
be  left  between  the  two  tubes  every  where,  except 
at  their  upper  ends,  where  they  are  fastened  toge- 
ther ;  and  suppose  that  there  is  a  valve  in  the  pistoh, 
opening  upwards,  so  as  to  let  the  air  which  it  con- 
tains, escape,  but  which  will  close  on  drawing  the 
piston  upwards.  Now  let  the  piston  be  at  a,  and 
in  this  state  pour  water  through  the  stop  fcock,  c, 
until  the  inner  tube  is  filled  up  to  the  piston,  and 
the  space  between  the  two  tubes  up  to  the  same 
^point,  and  then  let  the  stop  cock  be  closed.  If  now 
the  piston  be  drawn  up  to  the  top  of  the  tube,  the 
water  will  not  follow  it,  as  in  the  case  first  describ- 
ed, but  will  only  rise  a  few  inches,  in  consequence 
of  the  elasticity  of  the  air  above  the  water,  between 
the  lubes,  and  in  the  space  above  this,  there  will 
be  formed  a  vacuum  between  the  water  and  the 
piston,  in  the  inner  tube. 

The  reason  why  the  result  of  this  experiment 
differs  from  that  before  described,  is,  that  the  outer  tube  pre- 
vents the  pressure  of  the  atmosphere  from  forcing  the  water 
up  the  inner  tube  as  the  piston  I'ises.  This  may  be  instantly 
proved,  by  opening  the  stop-cock  c,  and  permitting  the  air  to 
press  upon  the  water,  when  it  will  be  found,  that  as  the  air 
rushes  in,  the  water  will  rise  and  fill  the  vacuum,  up  to  the 
piston. 

For  the  same  reason,  if  a  common  pump  be  placed  in  a 
cistern  of  water,  and  the  water  is  frozen  over  on  the  surface, 
so  that  no  air  can  press  upon  the  fluid,  the  piston  of  the  pump 
might  be  worked,  in  vain,  for  the  water  Svould  not,  as  usual, 
obey  its  motion. 

It  follows,  as  a  certain  conclusion  from  such  experiments^ 
that  when  the  lower  end  of  a  tube  is  placed  in  the  water,  and 
the  air  from  within  is  removed  by  drawing  up  the  piston,  that 

How  is  it  shown  by  fig.  104,  that  it  is  the  pressure  of  the  atmosphere 
which  causes  the  water  to  rise  in  the  pump  barrel  ?  Suppose  the  ice 
prevents  the  atmosphere  from  pressing  on  the  water  in  a  vessel,  can  the 
water  be  pumped  out  ? 
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it  IS  the  pressure  of  the  atmosphere,  on  the  water  around  the 
tube,  which  forces  the  fluid  up  to  fill  the  space,  thus  left  by 
the  air.  It  is  also  proved,  that  the  weight,  or  pressure  of  the 
atmosphere,  is  equal  to  the  weight  of  a  perpendicular  column 
of  water,  33  feet  high,  for  it  is  found  (fig.  102),  that  the  pres- 
sure of  the  atmosphere  will  not  raise  water  more  than  33  feet, 
though  a  perfect  vacuum  be  formed  to  any  height  above  this 
point.  Experiments  on  other  fluids,  prove  that  this  is  the 
weight  of  the  atmosphere,  for  if  the  end  of  a  fube  be  dipped 
in  any  fluid,  and  the  air  be  removed  from  the  tube,  above 
the  fluid,  it  will  rise  to  a  greater  or  less  height,  than  water, 
in  proportion  as  its  specific  gravity  is  less  or  greater  than 
that  of  water. 

Mercury,  or  quicksilver  has  a  specific  gravity  of  about  13^- 
times  greater  than  that  of  water,  and  mercury  is  found  to  rise 
about  29  inches  in  a  tube  under  the  same  circumstances  that 
water  rises  33  feet.  Now  33  feet  is  396  inches,  which,  being 
divided  by  29  gives  nearly  13i,  so  that  mercury  being  13i 
times  heavier  than  water,  the  water  will  rise  under  the  same 
pressure  13i  times  higher  than  the  mercury. 

The  barometer  is  constructed  on  the  principle  of  atmosphe- 
ric pressure,  which  we  have  thus  endeavoured  to  explain  and 
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illustrate  to  common  comprehension.  This 
term  is  compounded  of  two  Greek  words,  ha- 
ros,  weight,  and  meiron,  measure,  the  instru- 
ment being  designed  to  measure  the  weight 
of  the  atmosphere. 

Its  construction  is  simple,  and  easily  under- 
stood,  being  merely  a  tube  of  glass  nearlj^  fill- 
ed with  mercury,  with  its  lower  end  placed  in 
a  dish  of  the  same  fluid,  and  the  upper  end 
furnished  with  a  scale,  to  measure  the  height 
of  the  mercury. 

Let  a,  fig.  105,  be  such  a  tube,  34  or  35 
inches  long,  closed  at  one  end  and  open  at  the 
other.  To  fill  the  tube,  set  it  upright,  and 
pour  the  mercury  in  at  the  open  end,  and 


AVhat  conchision  follows  from  the  experiments  above  described  ? 
How  is  it  proved,  that  the  pressure  of  the  atmosphere  is  equal  to  the 
weight  of  a  column  of  water,  33  feet  high?  How  do  experiments  on 
otJier  fluids  show  that  the  pressure  of  the  atmospliere  is  equal  to  the 
weight  of  a  column  of  water  33  feet  high?  How  high  does  mercurx 
pise  in  an  exhausted  tube  ?  What  is  the  principle  on  which  the  baro 
meter  is  constructed?     What  does  the  barometer  measure? 
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when  it  ia  entirely  full,  place  the  fore  finger  forcibly  on  this 
end,  and  in  this  state  plunge  the  tube  and  finger  under  the 
surface  ot  the  mercury  before  prepared  in  the  cup  h.  Then 
withdraw  the  finger,  taking  care  that  in  doing  this,  the  end  of 
the  tube  is  not  raised  above  the  mercury  in  the  cup.  When 
the  finger  is  removed,  the  mercury  will  descend  four  or  five 
inches,  and  after  several  vibrations,  up  and  down,  will  rest  at 
an  elevation  of  29  or  30  inches  above  the  Surface  of  that  in  the 
cup,  as  at  c.  Having  fixed  a  scale  to  the  upper  part  of  the 
tube,  lo  indicate  the  rise  and  fall  of  the  mercury,  the  barome- 
ter would  be  finished,  if  intended  to  remain  stationary.  It  is 
usual,  however,  to  have  the  tube  inclosed  in  a  mahogany  or 
brass  case^  to  prevent  its  breaking,  and  to  have  the  cup  closed 
on  the  top,  and  fastened  to  the  tube,  so  that  it  can  be  trans- 
ported without  danger  of  spilling  the  mercury. 

The  cup  of  the  portable  barometer  also  differs  from  that  re- 
presented in  the  figure,  for,  were  the  mercury  inclosed  on  all 
sides,  in  a  cup  of  wood,  or  brass,  the  air  would  be  prevented 
from  acting  upon  it,  and  therefore  the  instrument  would  be 
useless.  To  remedy  this  defect,  and  still  have  the  mercury 
perfectly  inclosed,  the  bottom  of  the  cup  is  made  of  leather, 
which,  being  elastic,  the  pressure  of  the  atmosphere  acts  upon 
the  mercury  in  the  same  manner  as  though  it  was  not  inclosed 
at  all.  Below  the  leather  bottom  there  is  a  round  plate  of 
metal  an  inch  in  diameter,  which  is  fixed  on  the  top  of  a 
screw,  so  that  when  the  instrument  is  to  be  transported,  by 
elevating  this  piece  of  metal,  the  mercury  is  thrown  up  to  the 
top  of  the  tube  and  thus  kept  from  playing  backwards  and 
forwards,  when  the  barometer  is  in  motion. 

A  person  not  acquainted  with  the  principle  of  this  instru- 
ment, on  seeing  the  tube  turned  bottom  upwards,  will  be  per- 
plexed to  understand  why  the  mercury  does  not  follow  the 
common  law  of  gravity,  and  descend  into  the  cup ;  were  the 
tube  of  glass  33  feet  high,  and  filled  with  water,  the  lower  end 
being  dipped  into  a  tumbler  of  the  same  fluid,  the  wonder 
would  be  still  greater.  But  as  philosophical  facts,  one  is  no 
more  wonderful  than  the  other,  and  both  are  readily  explained 
by  the  principles  already  illustrated. 

Describe  the  construction  of  the  barometer,  as  represented  by  fig.  105. 
How  is  the  cup  of  the  portable  barometer  made,  so  as  to  retain  the 
mercury,  and  still  allow  the  air  to  press  upon  it?  What  is  the  use  of 
the  metallic  plate  and  screw,  under  the  bottom  of  the  cup?  Explain  the 
reason  why  the  mercury  does  not  fall  out  of  the  barometer  tube,  when 
its  open  end  is  downwards. 
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It  has  already  been  shown,  that  it  is  the  pressure  of  the 
ntmosphere  on  the  fluid  around  the  tube,  by  which  the  fluid 
within  it,  is  forced  upward,  when  the  pump   is  exhausted  of 
its  air.     The  pressure  of  the  air  we  have  also  seen,  is  equal 
to  a  column  of  water  33  feet  high,  or  of  a  column  of  mercury 
29  inches  high.     Suppose,  then,  a  tube  33  feet  high  is  filled 
with  water,  the  air  would  then  be  entirely  excluded,  and  were 
one  of  its  ends  closed,  and  the  other  end  dipped  in  water,  the 
effect  would  be  the  same  as  though  both  ends  were  closed, 
for  the  water  would  not  escape,  unless  the  air  were  permitced 
to  push  in  and  fill  up  its  place.     The  upper  end  being  closed, 
the  air  could  gain  no  access  in  that  direction,  and  the  open 
end  being  under  water,  is  equally  secure.     The  quantity  of 
water  in  which  the  end  of  the  tube  is  placed,  is  not  essential, 
since  the  pressure  of  a  column  of  water  an  inch  in  diameter, 
provided  it  be  33  feet  high,  is  just  equal  to  a  column  of  air  of 
an  inch  in  diameter,  of  the  whole  height  of  the  atmosphere. 
Hence  the  water  on  the  outside  of  the  tube  serves  merely  to 
guard  against  the  entrance  of  the  air. 

The  same  happens  to  the  barometer  tube,  when  filled  with 
mercury.  The  mercury,  in  the  first  place,  fills  the  tube  per- 
fectly, and  therefore  entirely  excludes  the  air,  so  that  when  it 
is  inverted  in  the  cup,  all  the  space  above  29  inches  is  left  a 
vacuum.  The  same  effect  precisely  would  be  produced,  were 
the  tube  exhausted  of  its  air,  and  the  open  end  placed  in  the 
cup  ;  the  mercury  would  run  up  the  tube  29  inches,  and  then 
stop,  all  above  that  point  being  left  a  vacuum. 

The  mercury,  therefore,  is  prevented  from  falhng  out  of  the 
tube,  by  the  pressure  of  the  atmosphere  on  that  which  remains 
in  the  cup  ;  for  if  this  be  removed,  the  air  will  enter,  while 
the  mercury  will  instantly  begin  to  descend. 

In  the  barometer  described,  the  rise  and  fall  of  the  mercury 
is  indicated  by  a  scale  of  inches  and  tenths  of  inches,  fixed 
behind  the  tube  ;  but  it  has  been  found,  that  very  slight  vari- 
ations  in  the  density  of  the  atmosphere,  are  not  readily  per- 
ceived by  this  method.  It  being,  however,  desirable  that 
these  minute  changes  should  be  rendered  more  obvious,  a  con- 
trivance for  increasing  the  scale,  called  the  wJieel  barometer 
was  invented. 

What  fills  the  space  above  29  inches,  in  the  barometer  tube  ?  In  the 
common  barometer  how  is  the  rise  and  tail  of  the  mercury  indicated? 
Why  was  the  wheel  barometer  invented  ? 
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Fig.  106.  The  whole  length  of  the  tube  of  the  wheel  ba- 

rorneter,  fig.  106,  from  c  to  a,  is  34  or  35  inches, 
and  is  filled  with  mercury,  as  usual.     The  mer- 
cury  rises  in  the  short  leg  to  the  point  o,  where 
there  is  a  small  piece  of  glass  floating  on  its  sur- 
face, to  which  there  is   attached   a  silk  string, 
passing  over  the  pulley  p.     To  the  axis  of  the 
^j;x3>v    pulley  is  fixed  an  index,  or  hand,   and  behind 
D^     ^^,  this  is  a  graduated  circle,  as  seen  in  the  figure. 
-,  Ti  ,..^^\y<^^  jg  obvious,  that  a  very  slight  variation  in  the 
''height  of  the  mercury  at  o,  will  be  indicated  by 
a  considerable  motion  of  the   index,  and  thus 
clianges  in  the  weight  of  the  atmosphere  hardly 
perceptible  by  the  common  barometer,  will  be- 
come  quite  apparent  by  this. 

The  mercury  in  the  barometer  tube  being  sus- 
tained by  the  pressure  of  the  atmosphere,  and 
its  medium  altitude  at  the  surface  of  the  earth 
being  about  29  inches,  it  might  be  expected  that 
if  the  instrument  was  carried  to  a  height  from 
the  earth's  surface,  the  mercury  would  suffer  a  proportionate 
fiall,  because  the  pressure  must  be  less,  at  a  distance  from  the 
earth  than  at  its  surface,  and  experiment  proves  this  to  be 
the  case.  When,  therefore,  this  instrument  is  elevated  to  any 
considerable  height,  the  descent  of  the  mercury  becomes  per- 
ceptible. Even  when  it  is  carried  to  the  top  of  a  hill,  or  high 
tower,  there  is  a  sensible  depression  of  the  mercury,  so  that 
the  barometer  is  employed  to  measure  the  heights  of  moun- 
tains, and  the  elevation  to  which  balloons  ascend  from  the  sur- 
face of  the  earth.  On  the  top  of  Mont  Blanc,  which  is  about 
16000  feet  above  the  level  of  the  sea,  the  medium  elevation  of 
the  mercury  in  the  tube  is  only  14  inches,  while  on  the  sur- 
face of  the  earth  as  above  stated,  it  is  29  inches. 

The  medium  range  of  the  barometer  in  several  countries, 
has  generally  been  stated  to  be  about  29  inches.  It  appears, 
however,  from  observations  made  at  Cambridge,  in  Massachu- 
setts, for  the  term  of  22  years,  that  its  range  there  v/as  nearly 
30  inches. 

Eiplain  fig.  106,  and  describe  the  construction  of  the  wheel  barome- 
ter. What  is  stated  to  be  the  medium  range  of  the  barometer  at  the 
surface  of  the  earth  ?  Suppose  the  instrument  is  elevated  from  the 
earth,  what  is  the  effect  on  the  mercury  ?  How  does  the  barometer  in- 
dicate the  heights  of  mountains?  What  is  the  medium  range  of  the 
mercury  on  Mont  Blanc  ?  What  is  stated  to  be  the  medium  range  of 
the  barometer  at  Cambridge? 
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While  the  barometer  stands  in  the  same  place,  near  the  level 
of  the  sea,  the  mercury  seldom  falls  below  28  inches,  or  rises 
above  31  inches,  its  whole  range,  while  stationary,  being  only 
about  3  inches. 

These  changes  in  the  weight  of  the  atmosphere,  indicate 
corresponding  changes  in  the  weather,  for  it  is  found,  by  vKitch- 
ing  these  variations  in  the  height  of  the  mercury,  that  when 
it  falls,  cloudy  or  falling  weather  ensues,  and  that  wlien  it 
rises,  fine  clear  weather  may  be  expected.  During  the  time 
when  the  weather  is  damp  and  lowering,  and  the  smoke  of 
chimnies  descends  towards  the  ground,  the  mercury  remains 
depressed,  indicating  that  the  weight  of  the  atmosphere  during 
such  weather  is  less  than  it  is  when  the  sky  is  clear.  This 
contradicts  the  common  opinion,  that  the  air  is  the  heaviest 
when  it  contains  the  greatest  quantity  of  fog  and  smoke,  and 
that  it  is  the  uncommon  weight  of  the  atmosphere  which  press- 
es these  vapors  towards  the  ground.  A  little  consideration 
will  show,  that  in  this  case  the  popular  belief  is  erroneous,  for 
not  only  the  barometer,  but  all  the  experiments  we  have  de- 
tailed, on  the  subject  of  specific  gravity,  tend  to  show  that  the 
lighter  any  fluid  is,  the  deeper  any  substance  of  a  given  weight 
will  sink  in  it.  Common  observation,  ought,  therefore,  to  cor- 
rect the  error,  for  every  body  knows  that  a  heavy  body  will 
sink  in  water  while  a  light  one  will  swim,  and  by  the  same 
kind  of  reasoning  ought  to  consider,  that  the  particles  of  va- 
por would  descend  through  a  light  atmosphere,  while  they 
would  be  pressed  up  into  the  higher  regions,  by  a  heavier  air. 

The  principal  use  of  the  barometar  is  on  board  of  ships, 
where  it  is  employed  to  indicate  the  approach  of  storms,  and 
thus  to  give  an  opportunity  of  preparing  accordingly  ;  and  it 
is  found  that  the  mercury  suffers  a  most  remarkable  depression 
before  the  approach  of  violent  winds,  or  hurricanes.  The 
watchful  captain,  particularly  in  southern  latitudes,  is  always 
attentive  to  this  monitor,  and  when  he  observes  the  mercury  to 
sink  suddenly,  takes  his  measures  without  delay  to  meet  the 
tempest.  During  a  violent  storm,  we  have  seen  tlie  wheel 
barometer  sink  a  hundred  degrees  in  a  i'cw  hours.     But  we 

How  many  inches  does  a  fixed  barometer  vary  in  height  ?  When  the 
mercury  falls,  what  kind  of  weather  is  indicated  ?  When  the  mercury 
rises,  what  kind  of  weather  may  be  expected  ?  When  fog  and  smoke 
descend  towards  the  ground,  is  it  o.  sign  of  a  light  or  heavy  atmos- 
phere ?  By  what  analogy  is  it  shown  that  the  air  is  lightest  when  filled 
with  vapor'  Of  what  use  is  the  barometer,  on  board  of  ships  '  When 
<loes  the  oicrcury  suffer  the  nvost  remarkable  depression  ? 
12 
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cannot  illustrate  the  use  of  this  ihstrument  at  sea  better  than 
to  give  the  following  extract  from  Dr.  Arnot,  who  was  hJmself 
present  at  the  time.  "  It  was,"  says  he,  "  in  a  southern  lati- 
tude. The  ;n  had  just  set  with  a  placid  appearance,  closing 
a  beautiful  afternoon,  and  the  usual  mirth  of  the  evening  watch 
proceeding,  when  the  captain's  orders  came,  to  prepare  with 
all  haste  for  a  storm.  The  barometer  had  begun  to  fall  with 
appalling  rapidity.  As  yet,  the  oldest  sailors  had  not  per- 
ceived even  a  threatening  in  the  sky,  and  were  surprised  at 
the  extent,  and  hurry  of  the  preparations ;  but  the  required 
measures  were  not  completed,  when  a  more  awful  hurricane 
burst  upon  them,  than  the  most  experienced  had  ever  braved. 
Nothing  could  withstand  it ;  the  sails  already  furled,  and  close- 
ly bound  to  the  yards,  were  riven  into  tatters;  even  the  bare 
yards  and  masts  were  in  a  great  measure  disabled  ;  and  at 
one  time  the  whole  rigging  had  nearly  fallen  by  the  board. 
Such,  for  a  few  hours,  was  the  mingled  roar  of  the  hurricane 
above,  of  the  waves  around,  and  the  incessant  peals  of  thun- 
der,  that  no  human  voice  could  be  heard,  and  amidst  the  gen- 
eral  consternation,  even  the  trumpet  sounded  in  vain.  On 
that  awful  night,  but  for  a  little  tube  of  mercury,  which  had 
given  the  warning,  neither  the  strength  of  the  noble  ship,  nor 
the  skill  and  energies  of  her  commander,  could  have  saved 
one  man  to  tell  the  tale." 

Pumps. 

There  is  a  philosophical  experiment,  of  which  ho  one  in 
'this  country  is  ignorant.  If  one  end  of  a  straw  be  introduced 
into  a  barrel  of  cider,  and  the  other  end  sucked  with  the 
mouth,  the  cider  will  rise  up  through  the  straw,  and  may  be 
swallowed. 

The  principles  which  this  experiment  involve,  are  exactly 
the  same  as  those  concerned  in  raising  water  by  the  pump. 
The  barrel  of  cider  answers  to  the  well,  the  straw  to  the  pump 
log,  and  the  mouth  acts  as  the  piston,  by  which  the  air  is  re- 
moved. 

The  efficacy  of  the  common  pump,  in  raising  water,  de- 
pends  upon  the  principle  of  atmospheric  pressure,  which 
has  been  fully  illustrated  under  the  articles  air  jjttwip  and  ba- 
rometer. 

What  remarkable  uistance  is  stated,  where  a  ship'  seemed  to  be  saved 
by  the  use  of  the  barometer?  What  experiment  is  stated,  "as  illustra- 
ting the  principle  of  the  common  pump  ? 
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These  machines  a^e  of  three  kinds,  namely,  the  sucking, 
or  common  pump,  the  lifting  pump,  and  the  forcing  pump. 

Fig.  107.  Of  these,  the  common  or  household  pump 

C  is  the  most  cammoa,  f>nd  for  ordinary  pur- 
poses, the  most  convenient.  It  consists  of 
a  long  tube,  or  barrel,  called  the  pvmp  log, 
which  reaches  from  a  few  feet  above  the 
ground  to  near  the  bottom  ot  the  well.  At 
a,  fig.  107,  is  a  valve,  opening  upwards, 
called  the  pump  box.  When  the  pump  is 
not  in  action,  this  is  always  shut.  The 
piston  b,  has  an  aperture  through  it,  which 
is  closed  by  a  valve,  also  opening  upwards. 
By  the  pupil  who  has  learned  what  has 
been  explained  under  the  articles  air 
pump  and  barometer,  the  action  of  this 
machine  will  be  readily  understood. 

Suppose  the  piston  b,  to  be  down  to  a, 
then  on  depressing  the  lever  c,  a  vacuum 
would  be  formed  between  a,  and  b,  did 
not  the  water  in  the  well  rise,  in  consequence  of  the  pressure 
of  the  atmosphere  on  that  around  the  pump  log  in  the  well, 
and  take  the  place  of  the  air  thus  removed.  Then  on  raising 
the  end  of  the  lever,  the  valve  a  closes,  because  the  water  is 
forced  upon  it,  in  consequence  of  the  descent  of  the  piston, 
and  at  the  same  time  the  valve  in  the  piston  b  opens,  and  the 
water,  which  cannot  descend,  how  passes  ^bove  the  valve  b. 
Next,  on  raising  the  piston,  by  again  depressing  the  lever,  this 
portion  of  water  is  lifted  up  to  b,  or  a  little  above  it,  while  an- 
other portion  rushes  through  the  valve  a,  to  fill  its  place. 
After  a  few  strokes  of  the  lever,  the  space  from  the  piston  b 
to  the  spout  is  filled  with  the  water,  where,  on  continuing  to 
work  the  lever,  it  is  discharged  in  a  constant  stream. 

Although,  in  common  language,  this  is  called  the  suction 
pump,  still  it  will  be  observed,  that  the  water  is  elevated  by 
suction,  or  in  more  philosophical  terms,  by  atmospheric  pres- 

On  what  does  the  action  of  the  common  pump  depend  ?  How  many 
kinds  of  pumps  are  mentioned?  Which  kind  is  the  common?  Desciibe 
the  common  pump.  Explain  how  the  common  pump  acts.  When  the 
lever  is  depiHssed,  what  takes  place  in  the  pump  barrel?  When  the 
lever  is  elevated,  what  takes  place?  How  far  i%  the  water  raised  by 
atmospheric  pressure,  and  how  far  by  lifting  ? 
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sure,  only  above  the  valve  a,  after  which  it  is  raised  by  lifting 
up  to  the  spoat.  The  water,  therefore,  is  pressed  into  the 
pump  barrel  by  the  atmosphere,  and  thrown  out  by  lifting. 

The  lifting  pump,  properly  so  called,  has  the  piston  in  the 
lower  end  of  ttie  barrel,  and  raises  the  water  through  the 
whole  distance,  by  forcing  it  upward  without  the  agency  of 
the  atmosphere. 

In  the  suction  pump,  the  pressure  of  the  atmosphere  will 
raise  the  water  33  or  34  feet,  and  no  more,  after  which  it  may 
be  lifted  to  any  height  required. 

The  J  or  cing  pump  differs  from  both  these  in  having  its  pis- 
ton solid,  or  without  a  valve,  and  also  in  having  a  side  pipe, 
through  which  the  water  is  forced,  instead  of  rising  in  a  per- 
pendicular direction,  as  in  the  others. 

Fiff.  108.  The  forcingpump  is  represent- 

ed by  fig.  108,  where  a  is  a  solid 
piston,  working  air  tight  in  its 
barrel.  The  tube  c,  leads  from 
the  barrel  to  the  air  vessel  d. 
Through  the  pipe  p  the  water  is 
thrown  into  the  open  air.  ^  is  a 
gauge,  by  which  the  pressure  of 
the  water  in  the  air  vessel  is  as- 
certained. Through  the  pipe  i, 
the  water  ascends  into  the  barrel, 
the  upper  end  being  furnished 
with  a  valve  opening  upwards. 
>  To  explain  the  action  of  this 
pump,  suppose  the  piston  to  be 
down  to  the  bottom  of  the  barrel, 
and  then  to  be  raised  upward  by 
the  lever  Z;  the  tendency  to  form 
a  vacuum  in  the  barrel  will  bring 
the  water  up  through  the  pipe  i, 
by  the  pressure  of  the  atmos- 
phere. Then  on  depressing  the  piston,  the  valve  at  the  bottom 
of  the  barrel  will  be  closed,  and  the  water,  not  finding  admit- 
tance through  the  pipe  whence  it  came,  will  be  forced  through 
the  pipe  c,  and  opening  the  valve  at  its  upper  end,  will  enter 

How  does  the  lifting  pump  differ  from  the  common  pump  ?  How 
does  the  forcing  pump  differ  from  the  common  pump?  Explain  fig. 
108,  and  show  in  what  ma.nner  the  water  is  brought  up  througf^  the  pipe 
i  and  afterwards  thrown  out  at  the  pipe  p. 
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into  the  air  vessel  d,  and  be  discharged  through  the  pipe  p, 
into  the  open  air. 

The  water  is  therefore  elevated  to  the  piston  barrel  by  the 
pressure  of  the  atmosphere,  and  afterwards  thrown  out  by  the 
piston.  It  is  obvious  that  by  this  arrangement,  the  height  to 
which  the  fluid  may  be  thrown,  wdl  depend  on  the  power  ap- 
plied to  the  lever,  and  the  strength  with  which  the  pump  is 
'made. 

The  air  vessel  d,  contains  air  in  its  upper  part  only,  the 
lower  part,  as  we  have  already  seen,  being  filled  with  water. 
The  pipe  p,  called  the  discharging  pipe,  passes  down  into  the 
water  so  that  the  air  cannot  escape.  The  air  is  therefore 
compressed,  as  the  water  is  forced  into  the  lower  part  of  the 
vessel,  and  reacting  upon  the  fluid  by  its  elasticity,  throws  it 
^  out  of  the  pipe  in  a  continued  stream.  The  constant  stream 
which  is  emitted  from  the  direction  pipe  of  the  fire  engine  is 
entirely  owing  to  the  compression,  and  elasticity  of  the  air  in 
its  air  vessel.  In  pumps  without  such  a  vessel,  as  the  water  is 
forced  upwards,  only  whfle  the  piston  is  acting  upon  it,  there 
must  be  an  interruption  of  the  stream  while  the  piston  is  as- 
cending, as  in  the  common  pump.  The  air  vessel  is  a  reme- 
dy  for  this  defect,  and  is  found  also  to  render  the  labour  of 
pumping  more  easy,  because  the  force  with  which  the  air  in 
the  vessel  acts  on  the  water,  is  always  in  addition  to  that  giv- 
en by  the  force  of  the  piston. 


Fig.  109. 


The  fire  engine  IS  a  modifica- 
tion of  the  forcing  pump.  It 
consists  of  two  such  pumps,  the 
pistons  of  which  are  moved  by 
a  lever  with  equal  arms,  the  com- 
mon fulcrum  being  ate,  fig.  109. 
While  the  piston  a  is  descend- 
ing, the  other  piston  S,  is  ascend- 
ing. The  water  is  forced  by 
the  pressure  of  the  atmosphere, 
through  the  common  pipep,  and 
then  dividing,  ascends  into  the 
working  barrels  of  each  piston, 
where  the  valves,  on  both  sides, 
prevent  its  return.  By  the  al- 
ternate depression  of  the  pistons, 
it  is  then  forced  into  the  air  box 


Whv  does  not  the  air  escape  from  the  air  vessel  in  this  pump.' 
12* 
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d,  and  then  bv  the  direction  pipe  e,  is  thrown  where  it  is  want- 
ed.     This  machine  acts  precisely  like  the  forcing  pump,  only 
that  its  power  is  doubled  by  having  two  pistons  instead  of  one. 
Fig.  110.  There  is  a  beautiful  fountain,  called 

the  fountain  of  Hiero,  which  acts  by 
the  elasticity  of  the  air,  and  on  the 
same  principle  asthat  already  describ- 
ed. Its  construction  will  be  under- 
stood by  fig.  110,  but  its  form  may  be 
varied  according  to  the  dictates  of 
fancy  or  taste.  The  boxes  a  and  b, 
together  with  the  two  tubes,  are  made 
air  tight,  and  strong,  in  proportion  to 
the  height  it  is  desired  the  fountain 
should  play. 

To  prepare  the  fountain  for  action, 
fill  the  box  a,  through  the  spouting 
tube  nearly  full  of  water.     The  tube 
c,  passing  nearly  to  the  top  of  the  box, 
will  prevent  the  water  from  passing 
downwards,   while  the  spouting  pipe 
will  prevent  the  air  from  escaping  up- 
war  dsrafte7~the  vessel  is  about  half  filled  with  the  water. 
Next  shut  the  stop  cock,  of  the  spouting  pipe,  and  pour  water 
into  the  open  vessel  d.     This  will  descend  into  the  vessel  b, 
through   the  tube,  which  nearly  reaches  its  bottom,  so  that 
after  a  few  inches  pf  water  are  poured  in,  no  air  can  escape 
except  by  the  tube  c,  up  into  the  vessel  a.     The  air  will  then 
bei  compressed  by  the  weight  of  the  column  of  water  in  the 
tube  e,  and  therefore  the  force  of  the  water  from  the  jet  pipe 
will  be  in  proportion  to  the  height  of  this  tube.     On  turning 
the  stop  cock,  a  jet  of  water  will  spout  from  the  pipe  that  will 
amuse  and  astonish  those  who  have  never  before  seen  such 
an  experiment.     [For  other  properties  of  air,  see  Chemistry.] 

ACOUSTICS. 

Acoustics  is  that  branch  of  natural  philosophy  which  treats 
of  the  origin,  propagation,  and  effects  of  sound. 

What  effect  does  the  air  vessel  have  on  the  stream  discharged  ?  W  hy 
does  the  air  vessel  render  the  labor  of  raising  the  water  more  easy? 
Explain  fig.  109,  and  describe  the  action  of  the  fire  engine.  What  cau- 
ses the  continued  stream  from  the  direction  pipe  of  this  engine .'  How 
is  the  fountain  of  Hiero  constructed .' 
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When  a  sonorous,  or  sounding  body  is  struck,  it  is  thrown 
into  a  tremulous,  or  vibrating  motion.  This  motion  is  com- 
municated to  the  air  which  surrounds  us,  and  by  the  air  is  con- 
veyed  to  our  ear  drums,  which  also  undergo  a  vibratory  mo- 
tion, and  this  last  motion,  throwing  the  auditory  nerves  into 
action,  we  thereby  gain  the  sensation  of  sound. 

If  any  sounding  body  of  considerable  size,  is  suspended  in 
the  air  and  struck,  this  tremulous  motion  is  distinctly  visible 
to  the  eye,  and  while  the  eye  perceives  its  motion,  the  ear  per- 
ceives  the  sound. 

That  sound  is  conveyed  to  the  ear  by  the  motion  which  the 
sounding  body  communicates  to  the  air,  is  proved  by  an  inter- 
esting experiment  with  the  air  pump.  Among  philosophical 
instruments,  there  is  a  small  bell,  the  hammer  of  which  is 
moved  by  a  spring  connected  with  clock-work,  and  which  is 
made  expressly  for  this  experiment. 

If  this  instrument  be  wound  up,  and  placed  under  the  re- 
ceiver of  an  air  pump,  the  sound  of  the  bell  may  at  first  be 
heard  to  a  considerable  distance,  but  as  the  air  is  exhausted, 
it  becomes  less  aqd  less  audible,  until  no  longer  to  be  heard, 
the  strokes  of  thejiammer,  though  seen  by  the  eye,  producing 
no  effect  upon  the  ear.  Upon  allowing  the  air  to  return  grad- 
ually, a  faint  soUnd  is  at  first  heard,  which  becomes  louder 
and  louder,  until  as  much  air  is  admitted,  as  was  withdrawn. 
On  the  contrary,  when  the  air  is  more  dense  than  ordinary, 
or  when  a  greater  quantity  is  contained  in  a  vessel,  than  in 
the  same  space  in  the  open  air,  the  effect  of  sound  on  the  ear 
is  increased.  This  is  illustrated  by  the  use  of  the  diving  bell. 
The  diving  bell  is  a  large  vessel,  open  at  the  bottom,  under 
which  men  descend  to  the  beds  of  rivers,  for  the  purpose  of 
obtaining  articles  from  the  wrecks  of  vessels.  When  this 
machine  is  sunk  to  any  considerable  depth,  the  water  above, 
by  its  pressure,  condenses  the  air  under  it  with  great  force. 
In  this  situation,  a  whisper  is  as  loud  as  a  common  voice  in 
the  open  air,  and  an  ordmary  voice  becomes  painful  to  the  ear. 
Again,  on  the  tops  of  high  mountains,  where  the  pressure, 
or  density  of  the  air  is  much  less  than  on  the  surface  of  the 
earth,  the  report  of  a  pistol  is  heard  only  a  (cw  rods,  and  the 

On  what  will  the  heiglit  of  the  jet  from  Hiero's  fountain  depend  ? 
What  is  acoustics  ?  Wl)en  a  sonorous  body  is  struck  within  hearing, 
in  what  manner  do  we  gam  from  it  the  sensation  of  sound  ?  How  is  it 
proved,  that  sound  is  conveyed  to  the  ear  by  the  medium  of  the  air  ? 
When  the  air  is  more  dense  than  ordinary,  how  does  it  atfcct  sound  .' 
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human  voice  is  so  weak  as  to  be  inaudible  at  ordinary  dis- 
tances. 

Thus,  the  atmosphere  which  surrounds  us,  is  the  medium 
by  which  sounds  are  conveyed  to  our  ears,  and  to  its  vibra- 
tions we  are  indebted  for  the  sense  of  hearing,  as  well  as  all 
we  enjoy  from  the  charms  of  music. 

The  atmosphere,  though  the  most  common,  is  not,  however, 
the  only,  or  the  best  conductor  of  sound.  Solid  bodies  con- 
duct sound  better  than  elastic  fluids.  Hence  if  a  person  If  y 
his  ear  on  a  long  stick  of  timber,  the  scratch  of  a  pin  may  be 
heard  from  the  other  end  of  the  timber,  which  could  not  be 
perceived  through  the  air. 

The  earth  conducts  loud  rumbling  sounds  made  below  its 
surface  to  great  distances.  Thus  it  is  said,  that  in  countries 
where  volcanoes  exist,  the  rumbling  noise  which  generally 
precedes  an  eruption,  is  heard  first,  by  the  beasts  of  the  field, 
because  their  ears  are  commonly  near  tiie  ground,  and  that 
by  their  agitation  and  alarm,  thej'^  give  warning  of  its  ap- 
proach. 

The  Indians  of  our  country  will  discover  the  approach  of 
horses  or  men,  by  laying  their  ears  on  the  ground,  when  they 
are  at  such  distances  as  not  to  be  heard  in  any  other  manner. 

Sound  is  propagated  through  the  air  at  the  rate  of  1142  feet 
in  a  second  of  time.  When  compared  with  the  velocity  of 
light,  it  therefores  moves  but  slowly.  Any  one  may  be  con- 
vinced of  this,  by  watching  the  discharge  of  cannon  at  a  dis- 
tance. The  flash  is  seen  apparently  at  tiie  instant  the  gunner 
touches  fire  to  the  powder,  the  whizzing  of  the  ball,  if  the  ear 
is  in  its  direction,  is  next  heard,  and  lastly  the  report. 

Solid  substances  convey  sounds  with  greater  velocity  than 
air,  as  is  proved  by  the  following  experiment,  lately  made 
at  Paris. 

At  the  extremity  of  a  cylindrical  tube,  upwards  of  3000 
feet  long,  a  ring  of  metal  was  placed,  of  the  same  diameter  as 
the  aperture  of  the  tube ;  and  in  the  centre  of  this  ring,  in 
the  mouth  of  the  tube,  was  suspended  a  clock  bell,  and  ham- 
mer. The  hammer  was  made  to  strike  the  ring  and  the  bell 
at  the  same  instant,  so  that  the  sound  of  the  ring  would  be 

What  is  said  of  the  effects  of  sound  on  the  tops  of  high  mountains  ? 
Which  are  the  best  conductors  of  sound,  sohd  or  elastic  substances .' 
What  is  said  of  the  earth  as  a  conductor  of  sounds  ?  How  is  it  said 
that  the  Indians  discover  the  approach  of  horses  ?  How  fast  does 
sound  pass  through  the  air  ?  Which  convey  sounds  with  the  greatest 
velocity,  solid  substances,  or  air  ■' 


ACOUSTICS. 


137 


transmitted  to  the  remote  end  of  the  tube,  through  the  con- 
ducting power  of  the  tube  itself,  while  the  sound  of  the  bell 
would  be  transmitted  through  the  medium  of  the  air  inclosed 
in  the  tube.  The  ear  being  then  placed  at  the  remote  end  of 
the  tube,  the  sound  of  the  ring,  transmitted  by  the  metal  of 
the  tube,  was  first  heard  distinctly,  and  after  a  short  interval 
had  elapsed,  the  sound  of  the  bell,  transmitted  by  the  air  in 
the  tube  was  heard.  The  result  of  several  experiments  was, 
that  the  metal  conducted  the  sound  at  the  rate  of  about  11,865 
feet  per  second,  which  is  about  ten  and  a  half  times  the  velo- 
city with  which  it  is  conducted  by  the  air. 

Sound  moves  forward  in  straight  lines,  and  in  this  respect 
follows  the  same  laws  as  moving  bodies,  and  light.  It  also 
follows  the  same  laws  in  being  reflected,  or  thrown  back, 
when  it  strikes  a  solid,  or  reflecting  surface. 

If  the  surface  be  smooth,  and  of  considerable  dimensions, 
the  sound  will  be  reflected,  and  an ecAo  will  be  heard;  but 
if  the  surface  is  very  irregular,  soft,  or  small,  no  such  effect 
will  be  produced. 

In  order  to  hear  the  echo,  the  ear  must  be  placed  in  a  cer- 
tain direction,  in  respect  to  the  point  where  the  sound  is  pro- 
duced, and  the  reflecting  surface. 


Fig.  111. 
b 


^C 


ta 


If  a  sound  be  produced  at  a,  fig.  Ill,  and 
strike  the  plane  surface  &,  it  will  be  reflected 
back  in  the  same  line,  and  the  echo  will  be 
heard  at  c  or  a.  That  is,  the  angle  under 
which  it  approaches  the  reflecting  surface, 
and  that  under  which  it  leaves  it,  will  be 
equal. 

Whether  the  sound  strikes  the  reflecting 
surface  at  right  angles,  or  obliquely,  the  an- 
gle  of  approach,  and  the  angle  of  reflection 
will  always  be  the  same,  and  equal. 


Fig.  112. 


This   is  illustrated  by 

fig.  112,  where  suppose  a 

pistol  to  be   fired   at   a, 

while  the  reflecting  sur- 

I'ace  is  at  c  ;  then  the  echo 

will  be  heard  at  h,  the  an- 

^  gles  2  and  1  being  equal 

to  each  other. 

Describe  the  experiment  proving  that  sound  is  conducted  by  a  metal 

with  greater  velocity  than  by  the  air.     In  what  lines  does  sound  move? 

From  what  kind  of  surface  is  sound  reflected,  so  as  to  pi  educe  an  echo? 

Explain  fig.  111. 
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If  a  sound  be  emitted  between  two  reflecting  surfaces, 
parallel  to  each  other,  it  will  reverberate,  or  be  answered 
backwards  and  forwards  several  times. 

Thos,  if  the  sound  be  made  at  a,  fig.  113, 
it  will  not  only  rebound  back  again  to  a,  but 
will  also  be  reflected  from  the  points  c  and 
d\  and  were  such  reflecting  surfaces  placed 
at  every  point  around  a  circle  from  a,  the 
sound  would  be  thrown  back  from  them  all, 
at  the  same  instant,  and  would  meet  again 
at  the  point  a. 

We  shall  see  under  the  article  Optics, 
that  liglit  observes  exactly  the  same  law  in 
respect  to  its  reflection  from  plane  surfaces,  and  that  the  angle 
at  which  it  strikes  is  called  the  angle  of  incidence,  and  that 
under  which  it  leaves  the  reflecting  surface  is  called  the  angle 
of  reflection.  The  same  terms  are  employed  in  respect  to 
sound. 

In  a  circle,  as  mentioned  above,  sound  is  reflected  from 
every  plane  surface  placed  around  it,  and  hence  if  the  sound 
is  emitted  from  the  centre  of  a  circle,  this  centre  will  be  the 
point  at  which  the  echo  will  be  the  most  distinct. 

"      "  '  Suppose  the  ear  to  be  placed  at 

the  point  a,  fig.  114,.  in  the  centi-e 
of  a  circle  ;  and  let  a  sound  be 
produced  at  the  same  point,  then  it 
will  move  along  the  line  a  e,  and 
be  reflected  from  the  plane  sur- 
b  face,  back  on  the  same  line  to  a ; 
and  this  will  take  place  from  all 
the  plane  surfaces  placed  around  the 
circumference  of  a  circle  ;  and  as 
all  these  surfaces  are  at  the  same 
distance  from  the  centre,  so  the 
reflected  sound  will  arrive  at  the  point  a,  at  the  same  instant, 
and  the  echo  will  be  loud,  in  proportion  to  the  number,  and 
perfection  of  these  reflecting  surfaces. 

Explain  fig.  112,  and  show  in  what  direction  sound  approaches  afld 
leaves  a  reflecting  surface.  What  is  the  arglo  under  which  sound 
strikes  a  reflecting  surface  called  ?  What  is  the  angle  under  which  it 
leaves  a  reflecting  surface  called?  Is  there  any  difference  in  the  quan-^ 
tity  of  these  two  angles  ?  Suppose  a  pistol  to  be  fired  in  the  centre  of 
a  circular  room,  where  would  be  the  echo  ? 
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It  is  apparent  that  the  auditor,  in  this  case,  must  be  placed 
in  the  centre  from  which  the  sound  proceeds,  to  receive  the 
greatest  effect.  But  if  the  shape  of  the  room  be  oval,  oreUip^. 
tical,  the  sound  may  be  made  in  one  part,  and  the  echo  will 
be  heard  in  another  part,  because  the  ellipse  has  two  points, 
called  foci,  at  one  of  which,  the  sound  being  produced,  it  will 
be  Concentrated  in  the  other. 

Fig.  115.  Suppose  a  sound  to  be  produced  at  A, 

fig.  115,  it  will  be  reflected  from  the 
sides  of  the  room,  the  angles  of  incidence 
being  equal  to  those  of  reflection,  and 
will  be  concentrated  at  h.  Hence  a 
hearer  standing  at  h  will  be  effected  by 
the  united  rays  of  sound  from  different 
•parts  of  the  room,  so  that  a  whisper  at  a, 
\C  will  become  audible  at  h,  when  it  would 
not  be  heard  in  any  other  part  of  the 
room.  Were  the  sides  of  the  room  lined 
with  a  polished  metal,  the  rays  of  light 
or  heat  would  be  concentrated  in  the 
same  manner. 

The  reason  of  this  will  be  obvious,  when  we  consider,  that 
an  ear,  placed  at  c  will  receive  only  one  ray  of  the  sound  pro- 
ceeding  from  a,  while  if  placed  at  h,  it  will  receive  the  rays 
from  all  parts  of  the  room.  Such  a  room,  whether  construct- 
ed by  design  or  accident,  would  be  a  whispering  gallery. 

On  a  smooth  surface,  the  rays,  or  pulses  of  sound  will  pass 
with  less  impediment  than  on  a  rough  one.  For  this  reason, 
persons  can  talk  to  each  other  on  the  opposite  sides  of  a  river, 
when  they  could  not  be  understood  to  the  same  distance  over 
the  land.  The  report  of  a  cannon,  at  sea,  when  the  water  is 
smooth,  may  be  heard  at  a  great  distance,  but  if  the  sea  is 
rough,  even  without  wind,  the  sound  will  be  broken,  and  will 
reach  only  half  as  far. 

The  strings  of  musical  instruments  are  elastic  cords,  which 
being  fixed  at  each  end,  produce  sounds,  by  vibrating  in  the 
middle. 

Explain  fig.  114,  and  give  the  reason.  Suppose  a  sound  to  be  pro- 
duced in  one  of  the  foci  of  an  ellipse,  where  then  might  it  be  distinctly 
heard  .''  Explain  fig.  115,  and  give  the  reason.  Why  is  it  that  persons 
can  converse  on  the  oppostte  sides  of  a  river,  when  they  could  not  hear 
each  other  at  the  same  distance  over  the  land  i  How  do  the  strings  of 
musical  instruments  produce  sounds  '' 
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The  string  of  a  violin  or  piano,  when  pulled  to  one  side  by 
its  middle,  and  let  go,  will  vibrate  backwards  and  forwards, 
like  a  pefndulum,  and  striking  rapidly  against  the  air  produces 
tones,  which  are  grave,  or  eicute,  according  to  its  tension,  size, 
or  length. 

The  manner  in  which  such  a  string  vibrates,  is  shown  by 
fig.  116. 

^'&'^^-  If  pulled  from  e  to 

a,  it  will  not  stop  a- 
gain  at  e,  but  in  pas- 
sing  from  a  to  e,  it 
will  gain  a  momen- 
tum, which  will  car- 
ry it  to  c,  and  in  re- 
'  turning,  its  momentum  will  again  carry  it  tod,  and  so  on,  back- 
wards and  forwards,  like  a  pendulum,  until  its  tension,  and 
the  resistance  of  the  air,  will  finally  bring  it  to  rest. 

The  grave,  or  sharp  tones  of  the  same  string,  depend  on 
its  different  degrees  of  tension  ;  hence  if  a  string  be  struck, 
and  while  vibrating,  its  tension  be  increased,  its  tone  will 
be  changed  from  a  lower  to  a  higher  pitch. 

Strings  of  the  same  tength  are  made  to  vibr.ite  slow,  or 
quick,  and  consequently  to  produce  a  variety  of  sounds,  by 
;making  some  larger  than  others,  snd  giving  them  different 
degrees  of  tension.  The  violin  and  bass  viol  are  familiar  ex- 
amples of  this.  The  low,  or  bass  strings,  are  covered  with 
metallic  wire,  in  order  to  make  their  magnitude  and  weight, 
prevent  their  vibrations  from  being  too  rapid,  and  thus  they 
are  made  to  give  deep  or  grave  tones.  The  other  strings  are 
diminished  in  thickness,  and  increased  in  tension,  so  as  to 
make  them  produce  a  greater  number  of  vibrations  in  a  given 
time,  and  thus  their  tones  become  sharp  or  acute,  in  pro- 
portion. 

Under  certain  circumstances,  a  long  string  will  divide  itself 
into  halves,  thirds,  or  quarters,  without  depressing  any  part 
of  it,  and  thus  give  several  harmonious  tones  at  the  same  time. 
The  fairy  tones  of  the  ^olian  harp  are  produced  in  this 
manner.  This  instrument  consists  of  a  simple  box  of  wood, 
with  four  or  five  strings,  two  or  three  feet  long,  fastened  at 

Explain  fig-,  116,  On  what  do  the  grave  or  acute  tones  of  the  same 
string  depend?  Why  are  the  bass  strings  of  instruments  covered  with 
metallic  wire?  Why  is  there  a  variety  of  tones  in  the  iEolian  harp, 
since  all  the  strings  are  tuned  in  uc'.son  ? 
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each  end.  These  are  tuned  in  unison,  so  that  when  made  to 
vibrate  with  force,  they  produce  the  same  tones.  But  when 
suspended  in  a  gentle  breeze,  each  string,  according  to  the 
manner  or  force  in  which  it  receives  the  blast,  either  sounds 
as  a  whole,  or  is  divided  into  several  parts,  as  above  described. 
"  The  result  of  which,"  says  Dr.  Arnot,  "  is  the  production  of 
the  most  pleasing  combination,  and  succession  of  sounds, 
that  the  ear  ever  listened  to,  or  fancy  perhaps  conceived. 
After  a  pause,  this  fairy  harp  is  often  heard  beginning  with  a 
low,  and  solemn  note,  like  the  base  of  distant  music  in  the 
sky  ;  the  sound  then  swells  as  if  approaching,  and  other  tones 
break  forth,  mingling  with  the  first,  and  with  each  other." 

The  manner  in  which  a  string  vibrates  in  parts,  will  be  un- 
derstood by  fig.  117. 

rig.  117. 


Suppose  the  whole  length  of  the  string  to  be  from  a  to  h, 
and  that  it  is  fixed  at  these  two  points.  The  portion  from  h 
to  c,  vibrates  as  though  it  was  fixed  at  c,  and  its  tone  differs 
from  those  of  the  other  parts  of  the  string.  The  same  happens 
from  c  to  d,  and  from  d  to  a.  While  a  string  is  thus  vibra. 
ting,  if  a  small  piece  of  paper  be  laid  on  the  part  c,  or  d,  it 
will  remain,  but  if  placed  on  any  other  part  of  the  string,  it 
will  be  shaken  off". 

Wind. 
Wind  is  nothing  more  than  air  in  motion.     The  use  of  a 
fan,  in  warm  weather,  only  serves  to  move  the  air,  and  thus 
to  make  a  little  breeze  about  the  person  using  it. 

As  a  natural  phenomenon,  that  motion  of  the  air  which  we 
call  wind,  is  produced  in  consequence  of  there  being  a  great, 
er  de"-ree  of  heat  in  one  place  than  in  another.  The  air  thus 
heated,  rises  upward,  while  that  which  surrounds  this,  moves 
forward  to  restore  the  equilibrium. 

The  truth  of  th  is  is  illustrated  by  the  fact,  that  during  the 
burning  of  a  house  in  a  calm  night,  the  motion  of  the  air  to- 
wards the  place,  where  it  is  thus  rarefied,  makes  the  wind  blow 
from  every  point  towards  the  flame. 

Explain  fig.  1 17,  showing  the  manner  in  which  strings  vibrate  ia 
parts.  What  is  wind  ?   As  a  natural  phenomenon  how  is  wind  produced, 
or   what  is  tlic  caus3  of  wind  ?     How  is  this  illustrated? 
13 
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In  islands  situated  in  hot  climates,  this  principle  is  charm- 
ingly  illustrated.  The  land,  during  the  day  time,  being  under 
the  rays  of  a  tropical  sun,  becomes  heated  in  a  greater  deo-ree 
than  tile  surrounding  ocean,  and  consequently,  there  rises 
from  the  land  a  stream  of  warm  air,  during  the  day,  while 
the  cooler  air  from  the  surface  of  the  water,  moving  forward 
to  supply  this  partial  vacancy,  produces  a  cool  breeze  setting 
inlaud  on  all  sides  of  the  island.  This  constitutes  the  sea 
breeze,  which  is  so  delightful  to  the  inhabitants  of  those  hot 
countries,  and  without  which  men  could  hardly  exist  in  some 
of  the  most  luxuriant  islands  between  the  tropics. 

During  the  night  the  motion  of  the  air  is  reversed,  because 
the  earth,  being  heated  superficially,  soon  cools,  when  the  sun 
IS  absent,  while  the  water  being  warmed  several  feet  below 
its  surface  retains  its  heat  longer. 

Consequently,  towards  morning,  the  earth  becomes  colder 
than  the  water,  and  the  air  sinking  down  upon  it,  seeks  an 
equilibrium  by  flowing  outwards,  like  rays  from  a  centre,  and 
thus  the  land  breeze  is  produced. 

The  wind  then  continues  to  blow  from  the  land,  until  the 
equilibrium  is  restored,  or  until  the  morning  sun  makes  the 
land  of  the  same  temperature  as  the  water,  when  for  a  time 
there  will  be  a  dead  calm.  Then  again  the  land  becoming 
warmer  than  the  water,  the  sea  breeze  returns  as  before,  and 
thus  the  inhabitants  of  those  sultry  climates  are  constantly  re- 
freshed during  the  summer  season,  with  alternate  land  and 
sea  breezes. 

At  the  equator,  which  is  a  part  of  the  earth  continually  un- 
der the  heat  of  a  burning  sun,  the  air  is  expanded  and  ascends 
upwards,  so  as  to  produce  currents  from  the  north  and  south, 
which  move  forward  to  supply  the  place  of  the  healed  air  as  it 
rises.  These  two  currents,  coming  from  latitudes,  where  the 
daily  motion  of  the  earth  is  less  than  at  the  equator,  do  not 
obtain  its  full  rate  of  motion,  and  therefore  when  they  ap- 
proach the  equator,  do  not  move  so  fast  eastward  as  that  por- 
lion  of  the  earth,  by  the  difference  between  the  equator's 
velocity,  and  that  of  the  latitudes  from  which  they  come. 
This  wind,  therefore,  falls  behind  the  earth  in  her  diurnal 
motion,  and  consequently  has  a  relative  motion  towards  the 

In  the  islands  of  hot  climatefi,  why  does  the  wind  blow  inland  during- 
the  day,  and  off  the  land  during  the  night?  What  are  these  breezes 
called  >  What  is  said  of  the  ascent  of  heated  air  at  the  equator  ?  What 
is  the  consequence  on  the  air  towards  the  north  and  south  ? 
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west.  This  constant  breeze  towards  the  west  is  called  the 
trade  wind,  because  a  large  portion  of  the  commerce  of  na- 
tions, comes  within  its  influence. 

While  the  air  in  the  lower  regions  of  the  atmosj  lere  is 
thus  constantly  flowing  from  the  north  and  south  towards  the 
equator,  and  forming  the  trade  winds  between  the  tropics,  the 
heated  air  from  these  regions  as  perpetually  rises  up,  and 
forms  a  counter  current  through  the  higher  regions  towards 
the  north  and  south  from  the  tropics,  thus  restoring  the  equi- 
librium. 

This  counter  motion  of  the  air  in  the  upper  and  lower  re- 
gions  is  illustrated  by  a  very  simple  experiment.  Open  a  door 
a  few  inches,  leading  into  a  heated  room,  and  hold  a  lighted 
candle  at  the  top  of  the  passage  ;  the  current  of  air  as  indica- 
ted by  the  direction  of  the  flame,  will  be  out  of  the  room. 
Then  set  the  candle  on  the  floor,  and  it  will  show  that  the  cur- 
rent is  there  into  the  room.  Thus  while  the  heated  air  rises 
up  and  passes  out  of  the  room,  that  which  is  colder  flows  in, 
along  the  floor,  to  take  its  place. 

This  explains  the  reason  why  our  feet  are  apt  to  suffer  with 
the  cold,  in  a  room  moderately  heated,  while  the  other  parts 
of  the  body  are  comfortable.  It  also  explains  why  those  who 
sit  in  the  gallery  of  a  church  are  sufficieritly  warm,  while  those 
who  sit  below,  may  be  shivering  with  tiie  cold. 

From  such  facts,  showing  the  tendency  of  heated  air  to  as- 
cend, while  that  which  is  colder  moves  forward  to  supply  its 
place,  it  is  easy  to  account  for  the  reason  why  the  wind  blows 
perpetually  from  the  north  and  south  towards  the  tropics  ;  for, 
the  air  being  heated,  as  stated  above,  it  ascends,  and  then  flows 
north  and  south  towards  the  poles,  until,  growing  cold,  it  sinks 
down,  and  again  flows  towards  the  equator. 

Fig.  118.  Perhaps 

d    e  these  oppo- 

site  motions 
of  the  two 
currentswin 
be  better  un- 
derstood by 
the  sketch 
C  a  figure    118. 

How  are  the  trade  winds  formed  ?  While  the  air  in  the  lower  re- 
gions flows  from  the  north  and  south  towards  the  equator,  in  what  di- 
rection does  it  flow  in  higher  regions  ?  How  is  tiiis  counter  current  in 
lower  and  upper  regions  illustrated  by  a  simple  eipeiiment? 


144  OPTICS. 

Suppose  a  b  cto  represent  a  portion  of  the  earth's  surface, 
a  being  towards  the  north  pole,  c  tovvards  the  south  pole  and  6 
the  equator.  The  currents  of  air  are  supposed  to  pass  in  the 
direction  of  the  arrows.  The  wind,  therefore,  from  a  to  6 
would  blow,  on  the  surface  of  the  earth,  from  north  to  south, 
while  from  e  to  a,  the  upper  current  would  pass  from  south  to 
north,  until  it  came  to  a,  when  it  would  change  its  direction 
towards  the  south.  The  currents  in  the  southern  hemisphere 
being  governed  by  the  same  laws,  would  assume  similar  di- 
reetions. 

OPTICS. 

Optics  is  that  science  which  treats  of  vision,  and  the  pro- 
perties and  phenomena  of  light. 

The  term  optics  is  derived  from  a  Greek  word,  which  signi- 
fies  seeing. 

This  science  is  one  of  the  most  elegant  and  important 
branches  of  natural  philosophy.  It  presents  us  with  experi- 
mehts  which  are  attractive  by  their  beauty,  and  which  astonish 
us  by  their  novelty  ;  and,  at  the  same  time,  it  investigates  the 
principles  of  some  of  the  most  useful  among  the  articles  of 
common  life. 

There  are  two  opinions  concerning  the  nature  of  light. 
Some  maintain  that  it  is  composed  of  material  particles,  which 
are  constantly  thrown  off  from  the  luminous  body ;  while  oth- 
ers suppose  that  it  is  a  fluid  difl^used  through  all  nature,  and 
that  the  luminous,  or  burning  body  occasions  waves,  or  undu- 
lations in  this  fluid,  by  which  the  light  is  propagated  in  the 
same  manner  as  sound  is  conveyed  through  the  air.  The 
most  probable  opinion  however,  is,  that  light  is  composed  of 
exceedingly  minute  particles  of  matter.  But  whatever  may 
be  the  nature,  or  cause  of  light,  it  has  certain  general  proper- 
ties, or  eflfects  which  we  can  investigate.  Thus,  by  experi- 
ments, we  can  determine  the  laws  by  which  it  is  governed 
in  its  passage  through  different  transparent  substances,  and 
also  those  by  which  it  is  governed  when  it  strikes  a  substance 
through  which  it  cannot  pass.  We  can  likewise  test  its  na- 
ture to  a  certain  degree,  by  decomposing,  or  dividing  it  into 
its  elementary  parts,  as  the  chemist  decomposes  any  substance 
he  wishes  to  analyze. 

What  common  fact  docs  this  experiment  illustrate  .'  Define  Optics. 
What  is  said  of  the  elegance  and  importance  of  this  science  ?  What 
are  the  two  opinions  concerning  the  nature  of  light  ?  What  is  the  most 
probable  opinion  ? 
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To  understand  the  science  of  optics,  it  is  necessary  to  de- 
fine several  terms,  which,  although  some  of  them  may  be  in 
common  use,  have  a  technical  meaning,  when  applied  to  this 
science. 

Light  is  that  principle,  or  substance,  which  enables  us  to  see 
any  body  from  which  it  proceeds.  If  a  luminous  substance, 
as  a  burning  candle,  be  carried  into  a  dark  room,  the  objects 
in  the  room  become  visible,  because  they  reflect  the  light  of 
the  candle  to  our  eyes.  For  the  Chemical  effects  of  Light,  see 
Chemistry. 

Luminous  bodies  are  such  as  emit  light  from  their  own 
substance.  The  sun,  fire,  and  phosphorus,  are  luminous  bo- 
dies. The  moon,  and  the  other  planets  are  not  luminous, 
since  they  borrow  their  light  from  the  sun. 

Transparent  bodies  are  such  as  permit  the  rays  of  light  to 
pass  freely  through  them.  Air  and  some  of  the  gases  are 
perfectly  transparent,  since  they  transmit  light  without  being 
visible  themselves.  Glass  and  water  are  also  considered 
transparent,  but  they  are  not  perfectly  so,  since  they  are  them- 
selves visible,  and  therefore  do  not  suffer  the  light  to  pass 
through  them  without  interruption. 

Translucent  bodies  are  such  as  permit  the  light  to  pass,  but 
not  in  sufficient  quantity  to  render  objects  distinct,  when  seea 
through  them. 

Opaque  is  the  reverse  of  transparent.  Any  body  which 
permits  none  of  the  rays  of  light  to  pass  through  it,  is  opaque. 

Illuminated,  enlightened.  Any  thing  is  illuminated  when 
the  light  shines  upon  it,  so  as  to  make  it  visible.  Every  ob- 
ject exposed  to  the  sun  is  illuminated;  A  lamp  illuminates 
a  room,  and  every  thing  in  it. 

A  Ra7j  is  a  single  line  of  light,  as  it  comes  from  a  lumin- 
ous body. 

A  Beam  of  light  is  a  body  of  parallel  rays. 

A  Pencil  of  light  is  a  body  of  diverging  or  converging  rays. 

Divergent  rays,  are  such  as  come  from  a  point,  and  contin- 
ually  separate  wider  apart,  as  they  proceed. 

What  is  li^ht?  What  is  a  luminous  body  ?  What  is  a  transparent 
body?  Are  glass  and  water  perfectly  transparent?  How  is  it  proved 
that  air  is  perfectly  transparent  ?  What  are  translucent  bodies?  What 
are  opaque  bodies"?  What  is  meant  by  illuminated?  What  is  a  ray  of 
light?     What  is  a  beam  ?     What  a  pencil  ?     What  are  divergent  rays  ? 
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Convergent  rays,  are  those  which  approach  each  other,  so 
as  to  meet  at  a  common  point. 

Luminous  bodies  emit  rays,  or  pencils  of  light,  in  every  di- 
rection, so  that  the  space  through  which  they  are  visible  is 
filled  with  them  at  every  possible  point. 

Thus  the  sun  illuminates  every  point  of  space,  within  the 
whole  solar  system.  A  light,  as  that  of  a  light  house,  which 
can  be  seen  from  the  distance  of  ten  miles  in  one  direction, 
fills  every  point  in  a  circuit  of  ten  miles  from  it,  with  light. 
Were  this  not  the  case,  the  light  from  it  could  not  be  seen  from 
every  point  within  that  circumference. 

The  rays  of  light  move  forward  in  straight  lines  from  the 
luminous  body,  and  are  never  turned  out  of  their  course  ex- 
cept by  some  obstacle. 

Fig.  119.  Leta,  fig.  119, 

be  a  beam  of  light 
from  the  sun  pass- 
ing through  a 
small  orifice  in 
the  window  shut- 
ter h.  The  sun 
cannot  be  seen  through  the  crooked  tube  c,  because  the  beam 
passing  in  a  straight  line,  strikes  the  side  of  the  tube,  and 
therefore  does  not  pass  throigh  it. 

All  illuminated  bodies,  whether  natural  or  artificial,  throw 
off'  light  in  every  direction  of  the  same  colour  as  themselves, 
though  the  light  with  which  they  are  illuminated  is  white  or 
without  colour. 

This  fact  is  obvious  to  all  who  are  endowed  with  sight. 
Thus,  the  light  proceeding  from  grass  is  green,  while  that 
proceeding  from  a  rose  is  red,  and  so  of  every  other  colour. 

We  shall  be  convinced  in  another  place,  that  the  white  light 
with  which  things  are  illuminated  is  really  composed  of  sev. 
eral  colours,  and  that  bodies  reflect  only  the  rays  of  their  own 
colours,  while  they  absorb  all  the  other  rays. 

Light  moves  with  the  amazing  rapidity  of  about  95  millions 
of  miles  in  8^  minutes,  since  it  is  proved,  by  certain  astro- 
nomical observations,  that  the  light  of  the  sun  comes  to  the 

What  arc  convergent  rays  ?  In  whiit  direction  do  himinous  bodies 
emit  light?  How  is  it  proved  that  a  luminous  body  fills  every  point 
v/ithin  a  certain  distance  with  light  .^  Why  cannot  a  beam  of  light  be 
seen  through  a  bent  tube?  What  is  the  colour  of  the  light  which  dif- 
ferent bodies  throw  off?  If  grass  throws  off  green  light,  what  becomes 
of  the  other  raj-s  ? 
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earth  in  that  time.  This  velocity  is  so  great,  that  to  any  dis. 
tance  at  which  an  artificial  light  can  be  seen,  it  seems  to  be 
transmitted  instantaneously. 

If  a  ton  of  gun  powder  were  exploded  on  the  top  of  a  moun- 
tain,  where  its  light  could  be  seen  a  hundred  miles,  no  per- 
ceptible difference  would  be  observed  in  the  time  of  its  ap- 
pearance  on  the  spot,  and  at  the  distance  of  a  hundred  miles. 
Refraction  of  Light. 

Although  a  ray  of  light  will  always  pass  in  a  straight  line, 
when  not  interrupted,  yet  when  it  passes  obliquely  from  one 
transparent  body  into  another,  of  a  different  density,  it  leaves 
its  former  direction,  and  is  bent,  or  refracted,  more  or  less 
out  of  its  former  course.  This  change  in  the  direction  of  light, 
seems  to  arise  from  a  certain  power,  or  quality  which  trans- 
parent bodies  possess  in  different  degrees  ;  for  some  sub- 
Fig.  120.  stances  bend  the  rays   of  light  much 

a^  more  obliquely  than  others. 

The  manner  in  which  the   rays  of 
light  are  refracted,  may  be  readily  un- 
2    derstood  by  fig.  120. 

Let  a  be  a  ray  of  the  sun's  light,  pro- 
ceeding obliquely  towards  the  surface 
of  the  water  c,  d,  and  let  e  be  the  point 
which  it  would  strike,  if  moving  only 
through  the  air.     Now  instead  of  pars- 
ing through  the  water  in  the  line  a,  e,  it  will  be  bent  or  re- 
Fig.  121.  fracted  on  entering  the  water, 
from  0  to  n,  and  having  passed 
through  the  fluid  it  is  again  re- 
fracted  in  a  contrary  direc- 
tion on  passing  out  of  the  wa- 
ter, and  then  proceeds  onward 
in  a  straight  line  as  before. 

The  refraction  of  water  is 
beautifully  proved  by  the  fol- 
lowing   simple     experiment. 
Place  an  empty  cup,  fig.  121, 
■with  a  shilling  oh  the  bottom,  in  such  a  position,  that  the  side 

What  is  the  rate  of  velocity  with  which  light  moves  .^  Can  we  per. 
ceive  any  diiFcrence  in  the  time  which  it  takes  an  artificial  hght  to  pass 
to  us  from  a  great  or  small  distance  ?  VV  hat  is  meant  by  the  refraction 
of  ]if  lit .'     Do  all  transparent  bodies  refract  light  equally  ? 
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of  the  cup  will  just  hide  the  piece  of  money  from  the  eye. 
Then  let  another  person  fill  the  cup  with  water,  keeping  the 
eye  in  the  same  position  as  before.  As  the  water  is  poured 
in,  the  shilling  will  become  visible,  appearing  to  rise  with 
the  wafer.  The  effect  of  the  water  is  to  bend  the  ray  of  light 
coming  from  the  shilling,  so  as  to  make  it  meet  the  eye  below 
the  point  where  it  otherwise  would.  Thus  the  eye  could  not 
see  the  shilling  in  the  direction  of  c,  since  the  line  of  vision 
is  towards  a,  and  c  is  hidden  by  the  side  of  the  cup.  But  the 
refraction  of  the  water  bends  the  ray  downwards,  producing 
the  same  effect  as  though  the  object  had  been  raised  upwards, 
and  hence  it  becomes  visible. 

The  transparent  body  through  which  the  light  passes  is 
called  the  medium.,  and  it  is  found  in  all  cases,  "  tlmt  where  a 
ray  of  light  passes  obliquely  from  one  medium  into  another  df 
a  different  density,  it  is  refracted,  or  turned  out  of  its  former 
course."  This  is  illustrated  in  the  above  examples,  the  water 
being  a  more  dense  medium  than  the  air.  The  refraction 
takes  place  at  the  surface  of  the  medium,  and  the  ray  is  re- 
fracted in  its  passage  out  of  the  refracting  substances  as  well 
as  into  it. 

If  the  ray,  after  having  passed  through  the  water,  then 
strikes  upon  a  still  more  dense  medium,  as  a  pane  of  glass,  it 
Fig.  122.       will  again  be  refracted.      It  is  understood, 
that  in  all  cases  the  ray  must  fall  upon  the 
refracting  medium  obliquely  in  order  to  be  re- 
fracted, for  if  it  proceeds  from  one  medium  to 
another  perpendicularly  to  their  surfaces,  it 
la,  will  pass  straight  through  them  all,  and  no  re- 
fraction will  take  place. 

Thus  in  fig.  122,  let  a  represent  air,  b  wa- 
k  ter,  and  c  a  piece  of  glass.  The  ray  d  striking 
each  in  a  perpendicular  direction,  passes 
through  them  all  in  a  straight  line.  The  ob- 
lique ray  passes  through  the  air  in  the  direc- 
tion of  c,  but  meeting  the  water,  is  refracted 
in  the  direction  of  o ;  then  falling  upon  the 
glass,  it  is  again  refracted  in  the  direction  of 
p,  nearly  parallel  with  the  perpendicular  line  d. 

Explain  fig.  120,  and  show  how  the  ray  is  refracted  in  passing  into 
and  out  of  the  water.  Explain  fig  121,  and  state  the  reason  why  the 
shilling  seems  to  be  raised  up  by  pouring  in  the  water.  Wliat  is  a  me- 
dium ?  In  what  direction  must  a  ray  of  light  pass  towards  the  medium 
to  be  refracted  ?  Will  a  ray  falling  perpendicularly  on  a  medium  be  re- 
fracted .'    Explain  fig.  122,  and  show  how  the  ray  e  is  refracted. 
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In  all  cases  where  the  ray  pa  ^ses  out  of  a  rarer  into  a  denser 
medium,  it  is  refracted  towards  a  perpendicular  line,  raised 
from  the  surface  of  the  denser  medium,  and 
so,  when  it  passes  out  of  a  denser,  into  a 
rarer  medium,  it  is  refracted  f-om  the  same 
perpendicular. 

Let  the  medium  b,  fig.  123,  be  glass,  and 
the  medium  c,  water.  The  ray  a,  as  it 
falls  upon  the  medium  b,  is  refracted  to- 
wards the  perpendicular  line  e,  d ;  but 
\c  when  it  enters  the  water,  whose  refractive 
BS:S  power  is  less  than  that  of  glass,  it  is  not 
g  bent  so  near  the  perpendicular  as  before, 
and  hence  it  is  refracted/rom,  instead  of  towards  the  perpen- 
dicular line,  and  approaches  the  original  direction  of  the  ray 
a,  g,  when  passing  through  the  air. 

The  cause  of  refraction  appears  to  be  the  power  of  attrac- 
tion, \vhich  the  denser  medium  exerts  oh  the  passing  ray ; 
and  in  all  cases  the  attracting  force  acts  in  the  direction  of  a 
perpendicular  to  the  refracting  surface. 

The  refraction  of  the  rays  of  light,  as  they  fall  upon  the  sur- 
face of  the  water,  is  the  reason  why  a  straight  rod,  with  one 
end  in  the  water  and  the  other  end  rising  above  it,  appears  to 
be  broken,  or  bent,  and  also  to  be  shortened. 

Fig.  124.  Suppose  the  rod  a,  fig.  124,  to  be  set  with 

a  one  half  of  its  length  below  the  surface  of 

the  water,  and  the  other  half  above  it.  The 
eve  being  placed  in  an  oblique  direction, 
would  see  the  lower  end  apparently  at  the 
point  0,  while  the  real  termination  of  the 
rod  would  be  at  n:  the  refraction  would 
therefore  make  the  rod  appear  shorter  by 
the  distance  from  o  to  n,  or  one  fourth  shorter  than  the  part 
below  the  water  really  is.  The  reason  why  the  rod  appears 
distorted,  or  broken,  is,  that  we  judge  of  the  direction  of  the 
part  which  is  under  the  water,  by  that  which  is  above  it,  and 
the  refraction  of  the  rays  coming  from  below  the  water,  give 
them  a  different  direction.  When  compared  with  those  coming 
from  that  part  of  the  rod  which  is  above  it.     Hence,  when  the 

tVhen  the  ray  passes  out  of  a  rarer  into  a  denser  medium,  in  what  di- 
rection  is  it  refracted  ?  When  it  passes  out  of  a  denser  into  a  rarer  me- 
dium, in  what  direction  is  the  refraction  ?  Explain  this  by  fig.  122.— 
What  is  the  cause  of  refraction  ?  What  is  the  tcason  that  a  rod,  with 
one  end  in  the  water,  appears  distorted,  and  shorter  than  it  really  is ' 


Cy/^ 

1     — 
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whole  rod  is  below  the  water,  no  such  distorted  appearance  is 
observed,  because  then  all  t  tic  rays  are  refracted  equally. 

For  the  reason  just  explained,  persons  are  often  deceived 
in  respect  to  the  depth  of  water,  the  refraction  making  it  ap- 
pear much  more  shallow  than  it  really  is ;  and  there  is  no 
doubt  but  the  most  serious  accidents  have  often  happened  to 
those  who  have  gone  into  the  water  under  such  deception ; 
for  a  pond  which  is  really  six  feet  deep^  will  appear  to  the  eye 
only  a  little  more  than  four  feet  deep. 

Reflection  of  Light. 
If  a  boy  throws  his  ball  against  tiie  side  of  a  house  swiftly, 
and  in  a  perpendicular  direction,  it  will  bound  back  nearly  in 
the  line  in  which  it  was  thrown,  and  he  will  be  able  to  catch 
it  with  his  hands  ;  but  if  the  ball  be  thrown  obliquely  to  the 
right,  or  left,  it  will  bound  away  from  the  side  of  the  house  in 
the  same  relative  direction  in  which  it  was  thrown. 

The  reflection  of  light,  so  far  as  regards  the  line  of  ap- 
Fig.  125.  proach,  and  the  line  of  leaving  a  reflecting 

surface,  is  governed  by  the  same  law. 

Thus  if  a  sun  beam,    fig.   125,  passing 
through  a  small  aperture  in  the  window 
shutter  a,    be  permitted  to  fall  upon  the 
plane  mirror,  or  looking  glass,  c,  d,  at  right 
_  angles,  it  will  be  reflected    back  at  right 

d  angles  with  the  mirror,  and  therefore  will 

pass  back  again  in  exactly  the  same  direction  in  which  it  ap- 
proached. 

But  if  the  ray  strikes  the  mirror  in  an  oblique  direction,  it 
Fig.  126.         will  also  be  thrown  off"  in  an  oblique  direc- 
tion opposite  to  that  in  which  it  came. 

Let  a  ray  pass  towards  a  mirror  in  the 
line  a,  c,  fig.  126,  it  Avill  be  reflected  off'in 
the  direction  of  c,  d,  making  the  angles  1 
and  2  exactly  equal. 

The  ray'  a,  c,  is  called  the  incident  ray, 
andthersyr,  d,  the  reflected  ray ;  and  it 
is  found  in  all  cases,  that  whatever  angle 
the  ray  of  mcidence  makes  with  the  reflect- 
Why  does  the  water  in  a  pond  appear  lees  deep  than  it  really  is .'  Sup- 
pose a  sun  beam  fall  upon  a  plane  mirror  at  right  angles  with  its  surface, 
in  what  direction  will  it  be  reflcci^^d?  Suppose  the  ray  falls  opliquely 
on  its  surface,  iu  what  direction  v  ill  it  then  be  reflected?  What  is  an 
incident  ray  of  hght.'     What  is  a  reflected  ray  of  light .' 
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Fig  127.  ing  surface,  or  with  a  perpendicular  line  drawn 
from  the  reflecting  surface,  exactly  the  same 
angle  is  made  by  the  reflected  ray. 

From  these  facts,  arise  the  general  law  m  op- 
tics,  that  the  angle  of  reflection  is  equal  to  the 
angle  of  incidence. 

The  ray  a,  c,  fig.  127,  is  the  ray  of  incidence, 
and  that  from  c  to  d,  is  the  ray  of  reflection. 
The  angles  which  a,  c,  make  with  the  pei-pen- 
dicular  line,  and  with  the  plane  of  the  mirror, 
is  exactly  equal  to  those  made  by  c,  d,  with 
the  same  perpendicular,  and  the  same  plane 


surface 
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Mirrors  are  of  three  kinds,  namely,  plane,  convex  and  con- 
cave. They  are  made  of  polished  metal,  or  of  glass  covered 
on  the  back  with  an  amalgam  of  tin  and  quicksilver. 

The  common  looking  glass  is  a  plane  mirror,  and  consists 
of  a  plate  of  ground  glass  so  highly  polished  as  to  permit  the 
rays  of  light  to  pass  through  it  with  little  interruption.  On 
the  back  of  this  plate  is  placed  the  reflecting  surface,  which 
consists  of  a  mixiure  of  tin  and  mercury.  The  glass  plate, 
therefore,  only  answers  the  purposs  of  sustaining  the  metallic 
surface  in  its  place, — of  admittin;^  the  rays  of  light  to,  and 
from  it,  and  of  preventing  its  surface  from  tarnishing,  by  ex- 
eluding  the  air.  Could  the  metallic  surface,  however,  be  re- 
tained in  its  place,  and  not  exposed  to  the  air,  without  the  glass 
plate,  these  mirrors  would  be  much  more  perfect  than  they 
are,  since,  in  practice,  glass  cannot  be  made  so  perfect  as  to 
transmit  all  the  rays  of  light  which  fall  on  its  surface. 

When  applied  to  the  plane  mirror,  the  angles  of  incidence 
and  of  reflection  are  equal,  as  already  stated,  and  it  therefore 
follows,  that  when  the  rays  of  light  fall  upon  it  obliquely  in  one 
direction,  they  are  throivn  off"  under  the  same  angle  in  the  op- 
posite direction. 

This  is  the  reason  why  the  images  of  objects  can  be  seen 
when  the  objects  themselves  are  not  visible. 

What  general  law  in  optics  results  from  observations  on  the  incident 
and  reflected  rays  "  How  many  kinds  of  mirrors  are  there  ?  What 
kind  of  mirror  is  the  common  looking  glass  ?  Of  what  use  is  the  glass 
pl^te  in  the  construction  of  this  mirror  ? 
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Suppose  the  mirror  a  h,  fig.  128,  to  be 
placed  on  the  side  of  a  room,  and  a  lamp 
to  be  set  in  another  room,  but  so  situa- 
ted, as  that  its  light  would  shine  upon 
the  glass.  The  lamp  itself  could  not  be 
»^seen  by  the  eye  placed  at  e,  because  the 
partition  d  is  between  them ;  but  its 
image  would  be  visible  at  e,  because  the 
angle  of  the  incident  ray,  coming  from 
the  light,  and  that  of  the  reflected  ray, 
which  reaches  the  eye,  are  equal. 

An  image  from  a  plane  mirror  appears 
to  be  just  as  far  behind  the  mirror,  as 
the  object  is  before  it,  so  that  when  a  person  approaches  this 
mirror,  his  image  seems  to  come  forward  to  meet  him  ;  and 
when  he  withdraws  from  it,  his  image  appears  to  be  moving 
back  at  the  same  rate.  For  the  same  reason  the  different 
parts  of  the  same  object  will  appear  to  extend  as  far  behind 
the  mirror,  as  they  are  before  it. 

If,  for  instance,  one  end  of  a  rod  two  feet  long  be  made  to 
touch  the  surface  of  such  a  mirror,  this  end  of  the  rod,  and  its 
image,  will  seem  nearly  to  touch  each  other,  there  being  only 
the  thickness  of  the  glass  between  them  ;  while  the  other  end 
of  the  rod,  and  the  other  end  of  its  image,  will  appear  to  be 
eqally  distant  from  the  point  of  contact. 

The  reason  of  this  is  explained  on  the  principle,  that  the 
angle  of  incidence  and  that  of  reflection  are  equal. 

Suppose  the  arrow  a,  to  be  the 
object  reflected  by  the  mirror  d  c, 
fig.  129  ;  the  incident  rays  a, 
flowing  from  the  end  of  the  ar- 
row, being  thrown  back  by  reflec- 
tion, will  meet  the  eye  in  the 
same  state  of  divergence  that 
they  would  do,  if  they  proceeded 
to  the  same  distance  behind  the 
mirror,  that  the  eye  is  before  it, 
as  at  0.   Therefore,  by  the  same 


Explain  fig.  128,  and  show  how  the  image  of  an  object  can  be  seen  in 
a  plane  mirror,  when  the  real  object  is  invisible.  Tiie  image  of  an  ob- 
ject appears  just  as  far  behind  a  plane  minor,  as  the  object  is  before  it ; 
explain  fig,  129,  and  show  why  this  is  the  case. 
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law,  the  reflected  rays,  where  they  meet  the  eye  at  e,  appear 
to  diverge  from  a  point  1i,  just  as  far  behind  the  mirror,  as  a 
is  before  it,  and  consequently  the  end  of  the  arrow  most  re- 
mote from  the  glass,  will  appear  to  be  at  h,  or  the  point  where 
the  approaching  rays  would  meet,  were  they  continued  on- 
ward behind  the  glass.  The  rays  flowing  from  every  other 
part  of  the  arrow  follow  the  same  law  ;  and  thus  every  part 
of  the  image  seems  to  be  at  the  same  distance  behind  the 
mirror,  that  the  object  really  is  before  it. 

In  a  plane  mirror,  a  person  way  sec  his  whole  image,  when 
the  mirror  is  only  half  as  long  as  himself;  let  him  stand  at 
any  distance  from  it  whatever. 

This  is  also  explained  by  the  latv,  that  the  angles  of  inci- 
dence and  reflection  are  equal.  If  the  mirror  be  elevated,  so 
that  the  ray  of  light  from  the  eye,  falls  perpendicularly  upon 
the  mirror,  this  ray  will  be  thrown  back  by  reflection  in  the 
same  direction,  so  that  the  incident  and  reflected  ray  by  which 
the  image  of  the  eyes  and  face  are  formed,  will  be  nearly  par- 
allel, while  the  ray  flowing  from  his  feet,  will  fall  on  the  mir- 
ror obliquely,  and  will  be  reflected  as  obliquely  in  the  con- 
trary direction,  and  so  of  all  the  other  rays  by  which  the  im- 
age of  the  different  parts  of  the  person  is  formed. 

Fig.  130.  Thus  suppose  the  mir- 


,,-^ror  c  e,  fig.  130,  to  be  just 


P 


half  as  long  as  the  arrow 
placed  before  it,  and  sup- 
pose  the  eye  to  be  placed 
at  a.  Then  the  ray  a  c, 
proceeding  from  the  eye 
at  a,  and  falling  perpen- 
dicularly  on  the  glass  at 
c,  will  be  reflected  back 
_  to  the  eye  in  the  same 

hne,  and  this  part  of  the  image  will  appear  at  b,  in  the  same 
line,  and  at  the  same  distance  behind  the  glass  that  the  arrow 
is  before  it.  But  the  ray  flowing  from  the  lower  extremity  of 
the  arrow,  will  fall  on  the  mirror  obliquely,  as  at  e,  and  will  be 
reflected  under  the  same  angle  to  the  eye,  and  therefore  the 
extremity  of  the  image,  appearing  in  the  direction  of  the  re- 

What  must  be  the  comparative  length  of  a  pla^  mirror,  in  which  a 
person  may  see  his  whole  image?     In  what  part  of  the  image,  fig.  130, 
are  the  incidental  and  reflected  rays  nearly  parallel  ?     Why  does  the 
image  of  the  lower  part  of  the  arrow,  appear  at  rf? 
14 
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Fig.  131. 
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fleeted  ray,  will  be  seen  at  d.  The  rays  flowing  from  the 
other  parts  of  the  arrow,  will  observe  the  same  law,  and  thus 
the  whole  image  is  seen  distinctly,  and  in  the  same  position 
as  the  object. 

To  render  this  still  more  obvious,  suppose  the  mirror  to  be 
removed,  and  another  arrow  to  be  placed  in  the  position  where 
its  image  appears,  behind  the  mirror,  of  the  same  length  as 
the  one  before  it.  Then  the  eye,  being  in  the  same  position 
as  represented  in  the  figure,  would  see  the  different  parts  of 
tlie  real  arrow  in  the  same  direction  that  it  before  saw  the 
image.  Thus  the  ray  flowing  from  the  upper  extremity  of  the 
arrow,  would  meet  the  eye  in  the  direction  of  b  c,  while  the 
ray  coming  from  the  lower  extremity,  would  fall  on  it  in  the 
direction  of  e  d. 

Convex  Mirror.  A  convex  mir- 
ror is  a  part  of  a  sphere,  or  globe, 
reflecting  from  the  outside. 

Suppose  fig.  131  to  be  a  sphere, 
then  the  part  from  a  to  o,  would  be 
a  section  of  the  sphere,  and  would 
— c  form  a  convex  mirror.  Any  part 
of  a  hollow  ball  of  glass,  with  an 
amalgam  of  tin  and  quicksilver 
spread  on  the  inside,  or  any  part 
of  a  metallic  globe  polished  on  the 
outside,  would  form  a  convex  mir- 
ror. 

The  axis  of  a  convex  mirror,  is  a 

line  as  c  b,  passmg  through  its  centre. 

Rays  of  light  are  said  to  diverge, 

when  they  proceed   from  the  same 

^  point,  and  constantly  recede  from  each 

^  other,  as  from  the  point  a,  fig.  132, 

Rays  of  light  are  said  to  converge, 

■^vhen  they  approach  each  other  in 

;5uch  a  direction  as  finally  to  meet  at  a  point,  as  at  b,  ficr.  132 

The  image  formed  by  a  plane  mirror,  as  we  have  already 

seen,  is  of  the  same  size  as  the  object,  but  the  image  reflected 

from  the  convex  mirror,  is  always  smaller  than  the  object. 

Suppose  the  mirror,  fig  130,  to  be  removed,  and  an  arrow  of  the 
same  length  to  be  placed  where  the  image  appeared,  would  the  direction 
of  the  rays  from  the  arrow  be  the  same  that  they  were  from  the  imaged 
What  IS  a  convex  mirror  ?  What  is  the  axis  of  a  convex  mirror?  What 
are  divergmg  rays?     What  are  converging  rays ? 


Fig.  132. 
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The  law  which  governs  the  passage  of  light,  to  and  from 
the  convex  mirror,  is  the  same  as  already  stated,  for  the  plane 
mirror,  the  incident  and  reflected  rays  being  always  equal. 

From  the  surface  of  a  plane  mirror,  parallel  rays  are  reflect- 
ed parallel ;  but  the  convex  mirror  causes  parallel  rays  falling 
on  its  surface  to  diverge,  by  reflection. 

To  make  this  obvious,  let  1, 
2,  3,  fig.  133,  be  parallel  rays, 
falling  on  the  surface  of  the  con- 
vex reflector)  of  which  a  would 
be  the  centre,  were  the  reflector 
a  whole  sphere.  The  ray  2  is 
perpendicular  to  the  surface  of 
the  mirror,  for  when  continued 
in  the  same  direction,  it  strikes 
the  axis,  or  centre  of  the  circle  a. 
The  two  rays  1  and  3,  being 
parallel  to  this,  all  three  would 
fall  on  a  plane  mirror  in  a  per- 
pendicular direction,  and  conse- 
quently would  be  reflected  in  the  lines  of  their  incidence. 
But  the  obliquity  of  the  convex  surface,  it  is  obvious  will 
render  the  direction  of  the  rays  1  and  3,  oblique  to  that  sur- 
face, for  the  same  reason  that  2  is  perpendicular  to  that  part 
of  the  circle  on  which  it  falls.  Rays  falling  on  any  part  of 
this  mirror,  in  a  direction,  which,  if  continued  through  the 
circumference,  would  strike  the  centre,  are  perpendicular  to 
the  side  where  they  fall.  Thus,  the  dotted  lines  c  a,  and  d 
a,  are  perpendicular  to  the  surface,  as  well  as  2. 

Now  the  reflection  of  the  ray  2,  will  be  back  in  the  line  of 
its  incidence,  but  the  rays  1  and  3,  falling  obliquely,  are  re- 
fleeted  under  the  same  angles  at  which  they  fall,  and  therefore 
their  lines  of  reflection  will  be  as  far  without  the  perpendicular 
lines  c  a,  and  d  a,  as  the  lines  of  their  incident  rays,  1 ,  and  3,  are 
within  them,  and  consequently  they  will  diverge  in  the  direc- 
tion of  e  and  o  ;  and  since  we  always  see  the  image  in  the  di- 
rection of  the  reflected  ray,  an  object  placed  at  1,  would  ap- 
pear behind  the  surface  of  the  mirror  at  n,  or  in  the  direction 
of  the  line  o  n. 

What  law  governs  the  passage  of  light  from  and  to  the  convex  mir- 
ror? Are  parallel  rays  falling  on  a  convex  mirror,  reflected  parallel.'' 
Explain  fig.  133. 
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Perhaps  the  subject  of  the  convex  mirrorwill  be  better  under- 
stood  by  considering  its  surface  to  be  formed  of  a  number  of 
plane  surfaces,  indefinitely  small.  In  this  case,  each  point 
from  which  a  ray  is  reflected,  would  act  in  the  same  manner 
as  a  plane  mirror,  and  the  whole,  in  the  manner  of  a  great 
number  of  minute  mirrors  inclined  from  each  other. 

Fig.  134.  Suppose  a,  and  b,  fig.  134,  to  be 

the  points  on  a  convex  mirror  from 
which  the  two  parallel  rays  c,  and 
d  are  reflected.  Now,  from  the 
surface  of  a  plane  mirror,  the  re- 
flected rays  would  be  parallel, 
whenever  the  incident  ones  are 
so,  because  each  will  fall  upon  the 
surface  under  the  same  angles. 
But  it  is  obvious  in  the  present 
case,  that  these  rays  fall  upon  the 
surfaces  a,  and  b,  under  different  angles,  as  respects  the  sur- 
faces,  c  approaching  in  a  more  oblique  direction  than  d  ;  con- 
sequently  c,  is  reflected  more  obliquely  than  d,  and  the  two 
reflected  rays,  instead  of  being  parallel,  as  before,  diverge  in 
the  direction  of  n,  and  o. 

Fig.  135.  Again,   the  two  converging 

rays  a  and  b,  fig.  135,  without 
the  interposition  of  the  reflect- 
ing surfaces,  would  meet  at  c, 
but  because  the  angles  of  reflec- 
^  tion  are  equal  to  those  of  inci- 
dence, and  because  the  surfa- 
ces of  reflection  are  inclined  to 
each  other,  these  rays  are  re- 
flected less  convergent,  and  in- 
stead of  meeting  at  the  same 
y'  distance  before  the  mirror,  that 

^'  c  is  behind  it,  are  sent  off  in 

the  direction  of  e,  at  which  point  they  meet. 

"  Thus  parallel  rays  jailing  on  a  convex  mirror,  are  render- 
ed  diverging  by  reflection ;  converging  rays  are  made  less 
convergent,  or  parallel,  and  diverging  rays  more  divergent." 

How  is  the  action  of  the  convex  mirror  illustrated  by  a  number  of 
plane  mirrors .-'  Explain  fig.  135.  What  effect  does  the  convexmirror 
have  upon  parallel  rays  by  reflection  ?  What  is  its  effect  on  converging 
rays  ?     What  is  its  effect  on  diverging  rays .'' 
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The  effect  of  the  convex  mirror,  therefore,  is  to  disperse  the 
rays  of  light  in  all  directions  ;  and  it  is  proper  here  to  remind 
the  pupil,  that  although  the  rays  of  light  are  represented  on  pa- 
per  by  single  lines,  there  are  in  fact  probably  millions  of  rays, 
proceeding  from  every  point  of  all  visible  bodies.  Only  a 
small  number  of  these  rays,  it  is  obvious,  can  enter  the  eye, 
for  it  is  only  by  those  which  proceed  in  straight  lines  from 
the  different  parts  of  the  object,  and  enter  the  pupil,  that  the 
sense  of  vision  is  excited. 

Now  to  conceive  how  exceedingly  small  must  be  the  portion 
of  light  thrown  off,  from  any  visible  object,  which  enters  the 
eye,  we  must  consider  that  the  same  object  reflects  rays  in 
every  other  direction,  as  well  as  in  that  in  which  it  is  seen. 
Thus  the  gilded  ball  on  the  steeple  of  a  church,  may  be  seen 
by  millions  of  persons  at  the  same  time,  who  stand  upon  the 
ground  ;  and  were  millions  more  raised  above  these,  it  would 
be  visible  to  all. 

When  therefore,  it  is  said,  that  the  convex  mirror  diperses  the 
rays  of  light  which  fall  upon  it  from  any  object,  and  when  the 
direction  of  these  reflected  rays  are  shown  only  by  single  lines, 
it  must  be  remembered,  that  each  line  represents  pencils  of 
rays,  and  that  the  light  not  only  flows  from  the  parts  of  the  ob- 
ject  thus  designated,  but  from  all  the  other  parts.  Were  this 
not  the  case,  the  object  would  be  visible  only  at  certain  points. 
The  images  of  objects  reflected  from  the  convex  mirror 
appear  curved,  because  their  different  parts' are  not  equally 
distant  from  its  surface. 

^       Fig.  136.  Letthe  objscta,  beplacedob- 

,.»,     liquely  before  the  convex  mirror 
i-  fig'  136,  then  the  converging 
'"     rays  from  its  two  extremities 
falling  obliquely  on  its  surface, 
V    were  they  prolonged  through 
the  mirror,   would  meet  at  the 
point  c,  behind  it.     But  instead 
of  being  thus  continued,  they 
are  thrown  back  by  the  mirror, 

Do  the  rays  of  light  proceed  only  from  the  extremities  of  objects,  as 
represented  in  figures,  or  from  all  their  parts  ?  Do  all  the  rays  of  light 
proceeding  from  an  object  enter  the  eye,  or  only  a  few  of  them  ?  V?  hat 
would  be  the  consequence,  if  the  rays  of  light  proceeded  only  from  the 
parts  of  an  object  shown  in  diagrams?  Why  do  the  images  of  objects 
reflected  from  convex  mirrors  appear  curved  ? 

14* 


>.: 


158  MIHRORS, 

ia  less  convei'gent  lines,  which  meet  the  eye  at  c,  it  being,  as 
we  have  seen,  one  of  the  properties  of  this  mirror,  to  reflect 
converging  rays  less  convergent  than  before. 

The  image  being  always  seen  in  the  direction  from  which 
the  rays  approach  the  eye,  it  appears  behind  the  mirror  at  d. 
If  the  eye  be  kept  in  the  same  position,  and  the  object  a,  be 
moved  further  from  the  mirror,  its  image  will  appear  smaller, 
in  a  proportion  inversely  to  the  distance  to  which  it  is  re- 
moved. Consequently,  by  the  same  law,  the  two  ends  of  a 
straight  object  will  appear  smaller  than  its  middle,  because 
they  are  further  from  the  reflecting  surface  of  the  mirror. 
Thus  the  images  of  straight  objects^  held  before  a  convex 
mirror,  appear  curved,  and  for  the  same  reason,  the  features 
of  the  face  appear  out  of  proportion,  the  nose  being  too  large, 
and  the  checks  too  small,  or  narrow. 

The  reason  why  the  image  appears  less  than  the  object  is, 
that  the  convex  surface  of  the  mirror  has  the  property,  as  sta- 
ted above,  of  decreasing  the  convergency  of  the  incidental 
rays  by  reflection. 

Now  objects  appear  to  us  large  or  small,  in  proportion  to 
the  angle  which  the  rays  of  light,  proceeding  from  their  ex- 
treme parts  form,  when  they  meet  at  the  eye.  For  it  is  plain 
that  the  half  of  any  object  will  appear  under  a  less  angle  than 
the  whole,  and  the  quarter  under  a  less  angle  still.  Therefore 
the  smaller  an  object  is,  the  smaller  will  be  the  angle  under 
which  it  will  appear  at  a  given  distance.  If  then  a  mirror 
makes  the  angle  under  which  an  object  is  seen  smaller,  the 
object  itself  will  appear  smaller  than  it  really  is.  Hence  the 
Fig.  137,  image  of  an  object,  when  re- 

j-.  /t^..---'''\  I''  fleeted  from  the  convex  mir- 

a  I    ^^"~"-^^-    '         V-     ror,  appears  smaller  than  the 
i  ^m.."-X'"''        object  itself.     This  will  be 

^;;^:;5;=^- —--■'.:::..  ,  understood  by  fig.  137. 

,    c  i  "^     Suppose  the  rays  flowing 

m      .-•'■'''  \''    from  the  extremities  of  the 

••'%»-^ '""         object  a,  to  be  reflected  back 

...--;:-'--""'^^  to  c,  under  the  same  degrees 

.  ,^.^--'-'''"^^  ^  of  convergence  atwhichthey 

'^  e  strike  the  mirror,  then  as  in 

Why  do  the  features  of  the  face  appear  out  of  proportion,  by  this 
mirror  ?  Why  does  an  image  reflected  from  a  convex  surface  appear 
smaller  than  the  object  ?  Why  dees  the  half  of  an  object  appear  to  tl)e 
eye  smaller  than  the  whole? 
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the  plane  mirror,  the  image  d,  would  appear  of  the  same  size 
as  the  object  a ;  for  if  the  rays  from  a  were  prolonged  behind 
the  mirror,  they  would  meet  at  h,  but  forming  the  same  angle, 
by  reflection,  that  they  would  do,  if  thus  prolonged,  the  object 
seen  from  b,  and  its  image  from  c  will  appear  of  the  same 
dimensions. 

But  instead  of  this,  the  rays  from  the  arrow  a,  being  ren- 
dered less  convergent  by  reflection,  are  continued  onward,  and 
meet  the  eye  under  a  more  acute  angle  than  at  c,  the  anwle 
under  which  they  actually  meet,  being  represented  at  e, 
consequently  the  image  of  the  object  is  shortened  in  propor- 
tion to  the  acuteness  of  this  anglo,  and  the  object  appears  di- 
minished, as  represented  at  o. 

Fig.  138.  The  image  of  an  object  as  alrea- 

dy stated,  appears  less,  as  the  oh- 
ject  is  removed  to  a  greater  dis- 
tance from  the  mirror. 

To  explain  the  reason  of  this,  let 
us  suppose  that  the  arrow  a,  fig. 
138,  is  diminished  by  reflection 
from  the  convex  surface,  so  that  its 
image  appearing  at  d,  with  the  eye 
at  c,  shall  seem  as  much  smaller  in 
proportion  to  the  object,  as  d  is  less  than  a. 

Now  keeping  the  eye  at  the  same  distance  from  the  mirror, 
withdraw  the  object,  so  that  it  shall  be  equally  distant  v/ith 
the  eye,  and  the  image  will  gradually  diminish,  as  the  arrow 
is  removed. 

Fig.  139.  The  reason  of  tKis  will  be  made 

plain  by  the  next  figure  ;  for  as  the 
arrow  is  moved  backwards,  the  an- 
gle  at  0,  fig.  139,  must  become 
consequently  less,  because  the  rays 
flowing  from  its  extremities  must 
fall  a  greater  distance  before  they 
reach  the  surface  of  the  mirror  ; 
and  as  the  angles  of  the  reflected 
rays  bear  a  proportion  to  those  of 


Suppose  the  angles  c  and  b  fig.  137  are  equal,  will  there  be  any  differ- 
ence between  the  size  of  the  object  and  its  image  ?  How  is  the  image  af- 
fected, when  the  object  is  withdrawn  from  the  surface  of  a  convex  mir- 
ror? Explain  figures  138  and  139,  and  show  the  reason  why  the  images 
are  diminished  when  the  objects  are  removed  from  theconvex  mirror. 
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the  incident  ones,  so  the  angle  of  vision  will  become  less  in 
proportion  as  the  object  is  withdrawn.  The  effect  therefore 
of  withdrawing  the  object,  is  first  to  lessen  the  distance  be- 
tween the  converging  rays,  flowing  from  it,  at  the  point  where 
they  strike  the  mirror,  and  as  a  consequence  to  diminish  the 
angje  under  which  the  reflected  rays  convey  its  image  to  the 
eye. 

In  the  plane  mirror,  as  already  shown,  the  image  appears 
exactly  as  far  behind  the  mirror  as  the  object  is  before  it,  but 
the  convex  mirror  shews  the  image  just  under  the  surface,  or, 
when  the  object  is  removed  to  a  distance,  a  little  way  behind 
it.  To  understand  the  reason  of  this  difterence,  it  must  be 
remembered  that  the  plane  mirror  makes  the  image  seem  as 
far  behind,  as  the  object  is  before  it,  because  the  rays  are  re- 
flected in  the  same  relative  position  that  they  fall  upon  its  sur- 
face. Thus  parallel  rays  are  reflected  parallel  ;  divergent 
rays  equally  divergent,  and  convergent  rays  equally  conver- 
gent. But  the  convex  mirror,  as  also  above  shown,  reflects 
convergent  rays  less  convergent,  and  divergent  rays  more  di- 
vergent,  and  it  is  from  this  property  of  the  convex  mirror  that 
the  image  appears  near  its  surface,  and  not  as  far  behind  it  as 
the  object  is  before  it,  as  in  the  plane  mirror. 

Fig.  140.  Let  us  suppose  that  a,  fig.  140,  is  a 

luminous  point,  from  which  a  pencil  of 
diverging  rays  fall  upon  a  convex  mir- 
ror. These  rays,  as  already  demon- 
strated,will  be  reflected  more  divergent, 
and  consequently  will  meet  the  eye  at  e, 
in  a  wider  state  of  dispersion  than  they 
fell  upon  the  mirror  at  o.  Now  as  the 
image  will  appear  at  the  point  where 
^  »  the  diverging  rays  would  converge  to  a 
focus  in  a  contrary  direction,  were  they  prolonged  behind  the 
mirror,  so  it  cannot  appear  as  far  behind  the  reflecting  sur- 
face as  the  object  is  before  it,  for  the  more  widely  the  rays 
meeting  at  the  eye  are  separated,  the  shorter  will  be  the  dis- 
tance at  which  they  will  come  to  a  point.  The  image  will 
therefore  appear  at  n,  instead  of  appearing  at  an  equal  dis- 
tance behind  the  mirror  that  the  object  a  is  before  it. 

What  is  said  to  be  the  first  effect  of  withdrawing  the  object  from  a 
concave  surface,  and  what  the  consequence  on  the  angle  of  reflected 
rays.'  Explain  the  reason  why  the  image  appears  near  the  surface  of 
the  convex  mirror. 
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Concave  Mirror.  The  shape  of  the  concave  mirror,  is  ex- 
actly like  that  of  the  convex  mirror,  the  only  difference  be- 
tween them  being  in  respect  to  their  reflecting  surfaces.  The 
reflection  of  the  concave  mirror  takes  place  from  its  inside, 
or  concave  surface,  while  that  of  the  convex  mirror  is  from 
the  outside  or  convex  surface.  Thus  the  section  of  a  metallic 
sphere,  polished  on  both  sides,  is  both  a  concave  and  convex 
mirror,  as  one  or  the  other  side  is  employed  for  reflection. 

The  effect  and  phenomena  of  this  mirror  will  therefore  be, 
in  many  respects,  directly  the  contrary  from  those  already  de- 
tailed in  reference  to  the  convex  mirror. 

From  the  plane  mirror  the  relation  of  the  incident  rays  are 
not  changed  by  reflection  ;  from  the  convex  mirror  they  are  dis- 
persed ;  but  the  concave  mirror  renders  the  rays  reflected  from 
it  more  convergent,  and  tends  to  concentrate  them  into  a  fo- 
cus. 

The  surface  of  the  concave  mirror,  Hkc  that  of  the  convex, 
may  be  considered  as  a  great  number  of  minute  plane  mirrors, 
inclined  to  each  other  at  certain  angles,  in  proportion  to  its 
concavity. 

The  laws  of  incidence  and  reflection,  are  the  same  when 
applied  to  the  concave  mirror,  as  those  already  explained  in 
reference  to  the  other  mirrors. 

In  reference  to  the  concave  mirror,  let 
us  in  the  first  place  examine  the  eflfect  of 
two  plane  mirrors  inclined  to  each  other, 
as  in  fig.  141,  on  parallel  rays  of  light. 
The  incident  rays,  a  and  b,  being  parallel 
beforethey  reach  the  reflectors,  are  thrown 
oflf  at  unequal  angles  in  respect  to  each 
other,  for  b  falls  on  the  mirror  more  ob- 
liquely than  a,  and  consequently  is  thrown 
off'more  obliquely  in  a  contrary  direction, 
.'     j  therefore,   the  angles  of  reflection  being 

equal  to  those  of  incidence,  the  two  rays  meet  at  c.  Thus  we 
see  that  the  effect  of  two  plane  mirrors  inclined  to  each  oth- 
er, is  to  make  parallel  rays  converge  and  meet  in  a  focus. 

What  is  the  shape  of  the  concave  mirror,  and  in  what  respect  does  it 
differ  from  the  convex  mirror  ?  How  may  convex  and  concave  mirrors 
be  united  in  the  same  instrument  ?  What  is  the  difference  of  effect  be- 
tween the  concave,  convex,  and  plane  mirrors  on  the  reflected  rays  ?  In 
what  respect  may  the  concave  mirror  be  considered  as  a  number  of 
plane  mirrors  ? 
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The  same  result  would  take  place,  whether  the  mirror  was 
one  continued  circle,  or  an  infinite  number  of  small  mirrors 
inclined  to  each  other  in  the  same  relation  as  the  different 
parts  of  the  circle. 

The  effect  of  this  mirror,  as  we  have  seen,  being  to  render 
parallel  rays  convergent,  the  same  principle  will  render  di- 
verging rays  parallel,  and  convergent  rays  still  more  conver- 
gent. 

The  focus  of  a  concave  mirror  is  the  point  where  the  rays 
are  brought  together  by  reflection.  The  centre  of  concavity 
in  a  concave  mirror,  is  the  centre  of  the  sphere,  of  which  the 
mirror  is  a  part.  In  all  concave  mirrors,  the  focus  of  parallel 
rays,  or  rays  falling  directly  from  the  sun,  is  at  the  distance 
of  half  the  semi-diameter  of  the  sphere,  or  globe,  of  which  the 
reflector  is  a  part. 

Fig.  142.  Thus  the  parallel  rays  1 , 

2, 3,&c.fig.l42,  all  meet 

at  the  point  o,  which  is 
halfthe  distance  between 
the  centre  of  the  whole 
sphere  a,  and  the  sur- 
face of  the  reflector,  and 
therefore  one  quarter  the 
diameter  of  the  whole 
sphere,  of  which  the  mir- 
ror is  a  part. 

In  concave  mirrors  of 
all  dimensions,  the  re- 
flected rays  follow  the 
— same  law  ;  that  is,  paral- 
lel rays  meet  and  cross  each  other  at  the  distance  of  one 
fourth  the  diameter  of  the  sphere  of  which  they  are  sections. 
This  point  is  called  the  principal  focus  of  the  reflector. 

But  if  the  incident  rays  are  divergent,  the  focus  will  be  re- 
moved to  a  greater  distance  from  the  surface  of  the  mirror, 
than  when  they  are  parallel,  in  proportion  to  their  divergency. 
This  might  be  inferred  from  the  general  laws  of  incidence 
and  reflection,  but  will  be  made  obvious  by  fig.    143,  where 

What  is  the  focus  of  a  concave  mirror  ?  At  what  distance  from  its 
surface  is  the  focus  of  parallel  rays  in  this  mirror  ?  What  is  the  prin- 
cipal focus  of  a  concave  mirror  ? 
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Fig.  143.  the  diverging  rays  1,  2,  3,  4,  form  a  fo- 

cus at  the  point  o,  whereas  had  they 
been  parallel,  their  focus   would  have 
been  at  a.     That  is,  the  actual  focus  is 
at  the  centre   of  the  sphere,  instead  of 
being  half  way  between  the  centre  and 
circumference,  as  is  the  case  when  the 
incident  rays  are   parallel.     The  real 
focus  therefore  is  beyond,  or  without 
the  principal  focus  of  the  mirror. 
By  the  same  law,  converging  rays  will 
form  a  point  within  the  principal  fo- 
cus of  the  mirror. 

Thus  were  the  rays  falling  on  the 
mirror,  fig.    144,  parallel,  the   focus 
would  be  at  a  ;  but  in  consequence  of 
their  previous  convergency,  they  are 
brought  together  at  a   less  distance 
than  the  principal  focus,  and  meet  at  o. 
The  images  of  objects  reflected  by 
a  convex  mirror  we  have  seen,  are 
smaller  than  the  objects   themselves. 
But  the  convave  mirror,  when  the  ob- 
ject is  nearer  to  it  than 
the  principal  focus,  pre- 
sents the  image  larger 
than  the  object,  erect, 
and  behind  the  mirror. 

To  explain  this,  let  us 
suppose  the  object  a,  fig. 
145,f'tobe  placed  before 
the  mirror,  and  nearer 
to  it  than  the  principa. 
focus.  Then  the  rays 
proceeding  from  the  ex- 
tremities of  the  object 
without  interruption 
would  continue  to  di- 
verge in  the  lines  o  and 

If  the  incident  rays  are  divergent,  where  will  be  the  focus  ?  If  the 
incident  rays  are  convergent,  where  will  be  the  focus  ?  When  will  the 
image  from  a  concave  mirror  be  larger  than  the  object,erect,  and  behind 
the  mirror  ?  Explain  fig.  145,  and  show  why  the  image  is  larger  than 
the  object. 


Fig.  145. 
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n,  as  seen  behind  the  mirror;  but  by  reflection  they  are  made 
to  diverge  less  than  before,  and  consequently  to  make  the  an- 
gle under  which  they  meet  more  obtuse  at  the  eye  h,  than  it 
would  be  if  they  continued  onward  to  e,  where  they  would  have 
met  without  reflection.  The  result,  therefore,  is  to  render 
the  image  h,  upon  the  eye,  as  mucli  larger  than  the  object  a, 
as  the  angle  at  the  eye  is  more  obtuse  than  the  angle  at  e. 

On  the  contrary,  if  the  object  is  placed  more  remote  from 
the  mirror  than  the  principal  focus,  and  between  the  focus  and 
the  centre  of  the  sphere  of  which  the  reflector  is  a  part,  then 
tlie  image  will  appear  inverted  on  the  contrary  side  of  the  cen- 
Fig.  146.  trc,    and   farther 

from  the  mirVor 
than  the  object ; 
thus  if  a  lamp  be 
placed  obliquel}' 
before  a  concave 
mirror,  as  in  fig. 
146,  its  image 
will  be  seen  in- 
verted  in  the  air  on  the  contrary  side  of  a  perpendicular  line 
through  the  centre  of  the  mirror. 

From  this  property  of  the  concave  mirror  to  form  an  invert- 
ed image  of  the  object  suspended  in  the  air,  many  curious  and 
surprising  deceptions  may  be  produced.  Thus,  when  the  mir- 
ror,  the  object,  and  the  light,  are  placed  so  that  they  cannot 
be  seen,  (which  may  be  done  by  placing  a  screen  before  the 
light,  and  permitting  the  reflected  rays  to  pass  through  a  small 
apercure  in  another  screen,)  the  person  mistakes  the  image  of 
the  object  for  its  reality,  and  not  understanding  the  deception, 
thinks  he  sees  persons  walking  with  their  heads  downwards, 
and  cups  of  water  turned  bottom  upwards  without  spilling  a 
drop.  Again,  he  sees  clusters  of  delicious  fruit,  and  when 
invited  to  help  himself,  on  reaching  out  his  hand  for  that  pur- 
pose,  he  finds  that  the  object  either  suddenly  vanishes  from 
his  sight,  owing  to  his  having  moved  his  oye  out  of  the  pmper 
range,  or  that  it  is  intangible.  ' 

This  kind  of  deception  may  be  illustrated  by  any  one  who 
has  a  concave  mirror  only  of  three  or  four  inches  in  diameter, 
in  the  following  manner. 

When  will  the  image  from  the  concave  mirror  he  inverted  and  before 
the  mirror  ?  What  property  has  the  concave  mirror  by  which  singular 
deceptions  may  be  produced  ?     What  are  these  deceptions  .' 
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Suppose  the  tumbler  a,  to  be  filled  with  water,  and  placed 
lieyond  the  principal  focus  of  the  concave  mirror,  fig.  147,  and 
so  managed  as  to  be  hid  from  the  eye  c,  by  the  screen  b.  The 
lamp  by  which  the  tumbler  is  illuminated  must  also  be  placed 
behind  the  screen,  and  near  the  tumbler.  To  a  person  placed 
at  c,  the  tumbler  with  its  contents  will  appear  inverted  at  e, 
and  suspended  in  the  air.  By  carefully  moving  forward,  and 
still  keeping  the  eye  in  the  same  line  with  respect  to  the  mir- 
ror, the  person  may  pass  his  hand  through  the  shadow  of  the 
Fig.  147. 


tumbler ;  but  without  such  conviction,  any  one  unacquainted 
with  such  things,  could  hardly  be  made  to  believe  that  the 
image  was  not  a  reality. 

By  placing  another  screen  between  the  mirror  and  the  im- 
age and  permitting  the  converging  rays  to  pass  through  an 
aperture  in  it,  the  mirror  may  be  nearly  covered  from  the  eye, 
and  thus  the  deception  would  be  increased. 

The  image  reflected  from  a  concave  mirror,  moves  in  the 
same  direction  with  the  object,  when  the  object  is  within  the 
principal  focus  ;  but  when  the  object  is  more  remote  than  the 
principal  focus,  the  image  moves  in  a  contrary  direction 
from  the  object,  because  the  rays  then  cross  each  other.  If 
a  man  place  himself  directly  before  a  large  concave  mirror, 
but  farther  from  it  than  the  centre  of  concavity,  he  will  see  an 
inverted  image  of  himself  in  the  air,  between  him  and  the 
mirror,  but  less  than  himself.  And  if  he  hold  out  his  hand 
towards  the  mirror,  the  hand  of  his  image  will  come  out  to- 
ward his  hand,  and  he  may  imagine  that  he  can  shake  hands 

Describe  the  manner  in  which  a  tumbler  with  its  contents  may  be 
made  to  seem  inverted  in  the  air.  Why  does  the  image  move  in  a 
contrary  direction  from  its  object,  when  the  object  is  beyond  the  princi- 
pal focus  ? 

15 
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with  his  image.  But  if  he  reach  his  hand  further  towards 
the  mirror,  the  hand  of  the  image  will  pass  by  his  hand,  and 
com«  hetween  his  hand  and  his  body  ;  and  if  he  move  his  hand 
toward  either  side,  the  hand  of  the  image  will  move  in  a  con- 
trary direction,  so  that  if  the  object  moves  one  way  the  image 
will  move  the  other. 

The  concave  mirror,  having  "the  property  of  converging  the 
rays  of  light,  is  equally  etficient  in  concentrating  the  rays  of 
heat,  either  separately,  or  with  the  light.  When  therefore 
such  a  mirror  is  presented  to  the  rays  of  the  sun,  it  brings 
them  to  a  focus  so  as  to  produce  degrees  of  heat  in  propor- 
tion to  the  extent  of  its  reflecting  surface.  A  metallic  mirror 
of  this  kind.  Of  only  four  or  six  inches  in  diameter,  will  fuse 
metals,  set  wood  on  fire,  &c. 

As  the  parallel  rays  of  heat,  or  light,  are  brought  to  a  focus 
at  the  distance  of  one  quarter  of  the  diameter  of  a  sphere,  of 
which  the  reflector  is  a  section,  so  if  a  luminous  or  heated 
body,  be  placed  at  this  point,  the  rays  will  be  reflected  from 
all  parts  of  the  reflecting  surface,  in  parallel  lines  ;  and  the 
rays  so  reflected,  by  the  same  law,  will  be  brought  to  a  focus 
by  another  mirror  standing  opposite  to  this. 
Fig.  148. 


^^ 


Suppose  a  red  hot  ball  to  be  placed  in  the  principal  focus 
of  the  mirror  a,  fig.  148,  the  rays  of  heat  ahd  light  proceed- 
ing from  it,  will  be  reflected  in  the  parallel  lines  1,  2,  3,  &c. 
The  reason  of  this  is  obviously  the  same  as  that  which  causes 
parallel  rays,  when  falling  on  the  mirror  to  be  converged  to  a 

Will  the  concave  mirror  concentrate  the  rays  of  heat,  as  well  as  those 
of  light  ?  'Suppose  a  luminous  body  be  placed  in  the  focus  of  a  concave 
mirror,  in  what  direction  will  its  rays  be  reflected? 
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tbcus.  The  angles  of  incidence  being  equal  to  those  of  re- 
flectioDj  it  makes  no  difference  in  this  respect,  whether  the 
rays  pass  to,  or  from  the  focus.  In  one  case,  parallel  inci- 
dent rays  from  the  sun,  are  concentrated  by  reflection;  and 
in  the  other,  incident  diverging  raysj  from  the  heated  ball,  are 
made  parallel  by  reflection. 

The  rays  therefore,  flowing  from  the  hot  ball  to  the  mirror 
a,  are  thrown  into  parallel  liaes  by  reflection,  and  these  re- 
flected rays,  in  respect  to  the  mirror  b,  become  the  rays  of  in- 
cidence, which  are  again  brought  to  a  focus  by  reflection. 

Thus  the  heat  of  the  ball,  by  being  placed  in  the  focus  of 
one  mirror,  is  brought  to  a  focus  by  the  reflection  of  the  other 
mirror. 

Several  striking  experiments  may  be  made  with  a  pair  of 
concave  mirrors  placed  facing  each  other  as  in  the  figure.  If 
a  red  hot  ball  be  placed  in  the  focus  of  a,  and  some  gun  pow- 
der in  the  focus  of  b,  the  mirrors  being  ten  or  twenty  feet 
apart,  according  to  their  dimensions,  the  powder  will  flash  by 
the  heat  of  the  ball,  concentrated  by  the  second  mirror.  To 
show  that  it  is  not  the  direct  heat  of  the  ball  which  sets  fire 
to  the  powder,  a  paper  screen  may  be  placed  between  the  mir- 
rors until  every  thing  is  ready.  The  operator  will  then  only 
have  to  remove  the  screen,  in  order  to  flash  the  powder. 

To  show  that  heat  and  light  are  separate  principles,  place 
a  piece  of  phosphorus  in  the  focus  of  b,  and  when  the  ball  is 
so  cool  as  not  to  be  luminous,  remove  the  screen,  and  the 
phosphorus  will  instantly  inflame. 

Refraction  by  Lenses. 

A  Lens  is  a  transparent  body,  generally  made  of  glass,  and 
so  shaped  that  the  rays  of  light  in  passing  through  it  are  ei- 
ther collected  together,  or  dispersed.  Lens  is  a  Latin  word, 
which  comes  from  lentile,  a  small  flat  bean. 

It  has  already  been  shewn,  that  when  the  rays  of  light  pass 
from  a  rarer  to  a  denser  medium,  they  are  refracted,  or  bent 
out  of  their  former  course,  except  when  they  happen  to  fall 
perpendicularly  on  the  surface  of  the  medium. 

The  point  where  no  refraction  is  produced  on  perpendicu- 
lar rays,  is  called  the  axis  of  the  lens,  which  is  a  right  line 
passing  through  its  centre,  and  perpendicular  to  botk  its  sur- 
faces. 

Explain  fig.  148,  and  show  why  the  rays  from  the  focus  of  a  are  con- 
centrated in  the  focus  b.  What  curious  experiments  may  be  made 
by  two  concave  mirrors  placed  opposite  to  each  other  ?  How  may  it  be 
shown  that  heat  and  light  are  distinct  principles?     What  is  a  Lens? 
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In  every  beam  of  light,  the  middle  ray  is  called  i^s  axis. 

Rays  of  light  are  said  to  fall  directly  upon  a  lens,  when 
their  axes  coincide  with  the  axes  of  the  lens;  othewise  they 
are  said  to  fall  obliquely. 

The  point  at  which  the  rays  of  the  sun  are  collected,  by 
passing  through  a  lens,  is  called  the  pri?icipal  focus  of  that 
lens. 

Lenses  are  of  various  kinds,  and  have  received  certain 
names,  depending  on  their  shapes.  The  different  kinds  are 
shown  at  fig.  149. 

Fig.  149. 

^  C  A     e      f      9     h 


A  prism,  seen  at «,  has  two  plane  surfaces,  a  r,  and  as,  in- 
clined to  each  other. 

A  plane  glass,  shown  at  b,  has  two  plane  surfaces,  parallel 
to  each  other. 

A  spherical  lens,  c,  is  a  ball  of  glass,  and  has  every  part  of 
its  surface  at  an  equal  distance  from  the  centre. 

A  double  convex  lens,  d,  is  bounded  by  two  convex  surfaces 
opposite  to  each  other. 

A  plano-concave  lens,  e,  is  bounded  by  a  convex  surface  on 
one  side,  and  a  plane  one  on  the  other. 

A  double-concave  lens,  f,  is  bounded  by  two  concave  spheri- 
cal  surfaces,  opposite  to  each  other. 

A  plano-convex  lens,  g,  is  bounded  by  a  plane  surface  on 
one  side  and  a  concave  one  on  the  other. 

A  meniscus,  h,  is  bounded  by  one  concave  and  one  convex 
spherical  surface,  which  two  surfaces  meet  at  the  edge  of  the 
lens. 

A  concavo-convex  lens  i,  is  bounded  by  a  concave  and  con- 
vex surface,  but  which  diverge  from  each  other,  if  continued. 

What  is  the  axis  of  a  lens  ?  In  what  part  of  a  lens  is  no  refraction 
produced  ?  Where  is  the  axis  of  a  beam  of  light?  When  are  rays  of 
light  said  to  fall  directly  upon  a  lens?  How  many  kinds  of  lenses  are 
mentioned?  What  is  the  name  of  each?  How  are  each  of  these  lense* 
bounded  ? 
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The  effects  of  the  prism  on  the  rays  of  light  will  be  shown 
in  another  place.  The  refraction  of  the  plane  glass,  bends  the 
parallel  rays  of  light  equally  towards  the  perpendicular,  as 
already  shown.  The  sphere  is  not  often  employed  as  a  lens, 
since  it  is  inconvenient  in  use. 

Convex  lens. — It  has  been  shown  in  a  former  part  of  this 
article,  that  when  a  ray  of  light  passes  obliquely  out  of  a 
rarer  into  a  denser  medium,  it  is  refracted,  or  turned  out  of 
its  former  course. 

Suppose,  then,  there  is  presented  to  the  rays  of  light,  apiece 
of  glass,  with  its  surface  so  shaped,  that  all  the  rays,  except 
those  which  pass  through  its  axis,  are  refracted  towards  the 
perpendicular,  it  is  obvious  that  they  would  all  finally  meet 
the  perpendicular  ray,  and  there  form  a  focus. 

The  focal  distances  of  convex  lenses,  depend  on  their  de- 
grees of  convexity.  The  focal  distance  of  a  single,  or  plano- 
convex lens,  is  the  diameter  of  a  sphere,  of  which  it  is  a  sec- 
tion. 

If  the  whole  circle,  fig. 
150,  be  considered  the 
circumference  of  a  sphere, 
of  which  the  plano-convex 
lens,  ft  a,  is  a  section, 
then  the  locus  of  parallel 
rays,  or  the  principal  fo- 
cus will  be  at  the  oppo- 
site  side  of  the  sphere,  or 
at  c. 

The  focal  distance  of  a 

double  convex  lens,  is  the 
radius,  or  half  the  diameter  of  the  sphere  of  which  it  is  a  part. 
Hence  the  plano-convex  lens,  being  one  half  the  double  con- 
vex lens,  the  latter  has  about  twice  the  refractive  power  of 
the  former  ;  for  the  rays  suffer  the  same  degree  of  refraction 
in  passing  out  of  the  one  convex  surface,  that  they  do  in  pass- 
inff  into  the  other. 


Fi?.  150. 


On  what  do  the  focal  distances  of  conviex  lenses  depend  ?  What  is 
the  focal  distance  of  any  plano-convex  lens  ?  What  is  the  focal  distance 
of  the  double  cojivex  lens  ?  What  is  the  shape  of  the  double  convex 
lens  ? 

15* 
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The  shape  of  the  dou- 
ble convex  lens,  d  c,  fig. 
151,  is  that  of  two  piano- 
convex  lenses,  placed  with 
their  plane  surfaces  in 
contact,  and  consequently 
the  focal  distance  of  this 
lens  is  nearly  the  centre  of 
the  sphere  of  which  one  of 
its  surfaces  is  a  part. 


If  parallel  rays  fall  on  a  convex  lens,  it  is  evident  that  the 
ray  only,  which  penetrates  the  axis  and  passes  towards  the 
centre  of  the  sphere,  will  proceed  without  refraction,  as  shown 
in  the  above  figures.  All  the  others  will  be  refracted  so  as  to 
meet  the  perpendicular  ray  at  a  greater  or  less  distance,  de- 
pending on  the  convexity  of  the  lens. 

If  diverging  rays  fall  on  the  surface  of  the  same  lens,  they 
will  by  refraction,  be  rendered  less  divergent,  parallel,  or  con- 
vergent according  to  the  degrees  of  their  divergency,  and  the 
convexity  of  the  surface  of  the  lens. 
Fig.  152. 

a. 


Thus  the  diverging 
rays  1,  2,  &;c.  fig. 
152,  are  refracted  by 
the  lens  a  o,  in  a  de- 
gree just  sufficient  to 
render  them  parallel, 
and  therefore  would 
pass  oflf  in  right 
lines,  indefinitely,  or 
without  ever  forming 
a  focus.  It  is  obvious 
by  the  same  law,  that  were  the  rays  less  divergent,  or  were 
the  surface  of  the  lens  more  convex,  the  rays  in  fig.  152  would 
become  convergent,  instead  of  parallel,  because  the  same  re- 
fractive power  which  would  render  divergent  rays  parallel, 
would  make  parallel  rays  convergent,  and  converging  rays 
still  more  convergent. 

How  are  divergent  rays  affected  by  passing  through  a  convex  lens  > 
What  is  its  effect  on  parallel  rays  ?    What  is  its  effect  on  converging 
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Fig.  153.  Thus  the  pencils  of  converging  rays, 

fig.  153,  are  rendered  still  more  conver- 
gent by  their  passage  through  the  lens,, 
and  are  therefore  brought  to  a  focas  near- 
er the  lens,  in  proportion  to  their  previous 
convergency. 

The  eye  glasses  of  spectacles  for  old 
people  are  double  convex  lenses,  more  or 
less  spherical,  according  to  the  age  of  the 
person,orthe  magnifying  power  required. 
The  common  burning  glasses,  which  are  used  for  Hghting 
cigars,  and  sometimes  for  kindling  fires,  are  also  convex  len- 
ses. Their  effect  is  to  concentrate  to  a  focus,  or  point,  the 
heat  of  the  sun  which  falls  on  their  whole  surface  ;  and  hence 
the  intensity  of  their  effects  is  in  proportion  to  the  extent  of 
their  surfaces,  and  their  focal  lengths. 

One  of  the  largest  burning  glasses  ever  constructed,  was 
made  by  Mr.  Parker,  of  London.  It  was  three  feet  in  diameter, 
with  a  focal  distance  of  three  feet  nine  inches.  But  in  order 
to  increase  its  power  still  more,  he  employed  another  lens 
about  a  foot  in  diameter,  to  bring  its  rays  to  &.  smaller  focal 
point.  This  apparatus  gave  a  most  intense  degree  of  heat, 
when  the  sun  was  clear,  so  that  20  grains  of  gold  were  melted 
by  it  in  4  seconds,  and  ten  grains  of  platina,  the  most  infu. 
sible  of  all  metals,  in  3  seconds. 

It  has  been  explained,  that  the  reason  why  the  convex  mir- 
ror diminishes  the  images  of  objects  is,  that  the  rays  which 
come  to  the  eye  from  the  extreme  parts  of  the  object  are 
rendered  less  convergent  by  reflection,  from  the  convex  sur- 
face, and  that,  in  consequence,  the  angle  of  vision  is  made 
more  acute. 

Now  the  refractive  power  of  the  convex  lens  has  exactly 
the  contrary  effect,  since  by  converging  the  rays  flowing  from 
the  extremities  of  an  object,  the  visual  angle  is  rendered  more 
obtuse,  and  therefore  all  objects  seen  through  it  appear  mag- 
nified. 

Whatkindof  lenses  are  spectacle  glasses  for  old  people''  What  is 
said  to  be  the  diameter  of  Mr.  Parker's  great  convex  lens?  What  is 
ihe  focal  distance  of  this  lens  ?  What  is  said  of  its  heating  power  ? 
What  is  the  visual  angle  ? 
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Fig.  154.  Suppose  the  object  a,  fig. 

1 54,  appears  to  the  naked  eye 
of  the  length  represented  in 
the  drawing.  Now  as  the  rays 
coming  from  each  end  of  the 
object,  form,  by  their  conver- 
gence at  the  eye,  the  visual  angle,  or  the  angle  under  which 
the  object  is  seen,  and  we  call  objects  large  or  small,  in  pro- 
portion as  this  angle  is  obtuse  or  acute,  if  the  object  a  be 
withdrawn  further  from  the  eye,  it  is  apparent  that  the  rays 
0,  0,  proceeding  from  its  extremities,  will  enter  the  eye  under 
a  more  acute  angle,  and  therefore,  that  the  object  will  appeav 
diminished  in  proportion.  This  is  the  reason  why  things  at  ^ 
distance  appear  smaller  than  when  near  us.  When  near,  the 
visua/  angle  is  increased,  and  when  at  a  distance,  it  is  di- 
minished. 

The  effect  of  the  convex  lens  is  to  in- 
crease the  visual  angle,  by  bending  the 
rays  of  light  coming  from  the  object,  so  as 
to  make  them  meet  at  the  eye,  more  ob- 
tusely ;  and  hence  it  has  the  same  effect, 
v-|>-  in  respect  to  the  visual  angle,  as  bringing 
the  object  nearer  the  eye.  This  is  shown 
by  fig.  155,  where  it  is  obvious,  that  did 
the  rays  flowing  from  the  extremities  of 
the  arrow  meet  the  eye  without  refraction, 
the  visual  angle  would  be  less,  and  therefore  the  object  would 
appear  shorter.  Another  effect  of  the  convex  lens,  is  to  ena- 
ble us  to  see  objects  nearer  the  eye,  than  without  it,  as  will 
be  explained  under  the  article  vision. 

Now  as  the  rays  of  light  flow  from  all  parts  of  a  visible  ob- 
ject of  whatever  shape,  so  the  breadth,  as  well  as  the  length  is 
increased  by  the  convex  lens,  and  thus  the  whole  object  ap- 
pears magnified. 

Concave  lens.  The  effect  of  the  concave  lens  is  directly 
opposite  to  that  of  the  convex.  In  other  terms,  by  a  concave 
lens,  parallel  rays  are  rendered  diverging,  converging  rays 
have  their  convergency  diminished,  and  diverging  rays  have 

Why  does  the  same  object,  when  at  a  distance,  appear  smaller  than 
when  near  ?  What  is  the  effect  of  the  convex  lens  on  the  visual  angle  ? 
Why  does  an  object  appear  larger  through  the  convex  lens  than  other- 
wise ?  What  is  the  effect  of  the  concave  lens  ?  What  effect  does  this 
lens  have  upon  parallel,  diverging,  and  converging  rays  .' 
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their  divergency  increased,  according  to  the  concavity  of  the 
lens. 

These  glasses,  therefore,  exhibit  things  smaller  than  they 
really  are,  for  by  diminishing  the  convergence  of  the  rays 
coming  from  the  extreme  points  of  an  object,  the  visual  angle 
is  rendered  more  acute,  and  hence  the  object  is  diminished 
by  this  lens,  for  the  same  reason  that  it  is  increased  by  the 
convex  lens.  This  will  be  made  plain  by  the  two  following 
diagrams. 

^^"  Suppose  the  object  a  b,  fig.  156, 

to  be  placed  at  such  a  distance 
from  the  eye,  as  to  give  the  rays 
flowing  from  it,  the  degrees  of 
convergence  represented  in  the 
figure,  and  suppose  that  the  rays 
enter  the  eye  under  such  an  an- 
gle as  to  make  the  object  appear 
two  feet  in  length. 

Now  the  length  of  the  same  ob* 
ject,  seen  through  the  concave 
lens,  fig.  157,  will  appear  dimin- 
ished,  because  the  rays  coming 
from  it  are  bent  outwards,  or  made 
less  convergent  by  refraction,  as 
seen  in  the  figure,  and  conse- 
quently the  visual  angle  is  more 
acute  than  when  the  same  object  is  seen  by  the  naked  eye* 
Its  length,  therefore,  will  appear  less,  in  proportion  as  the 
rays  are  rendered  less  convergent. 

The  spectacle  glasses  of  short-sighted  people  are  concave 
lenses,  by  which  the  images  of  objects  are  formed  further 
back  in  the  eye  than  otherwise,  as  will  be  explained  under 
the  next  article. 

Vision. — In  the  application  of  the  principles  of  optics  to 
the  explanation  of  natural  phenomena,  it  is  necessary  to  give 
a  description  of  the  most  perfect  of  all  optical  instruments^ 
the  eye. 

Why  do  objects  appear  smaller  through  this  glass  than  they  do  to 
the  naked  eye  ?  Explain  figures  156,  and  157,  and  show  the  reason  why 
the  same  object  appears  smaller  through  157.  What  defect  in  the 
eye  requires  concave  lenses  ?  What  is  the  most  perfect  of  all  opticai 
instruments  ? 
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Fig.  158  is  a  vertical 
section  of  the  human  eye. 
Its  form  is  nearly  globu- 
lar, with  a  slight  projec 
tion  or  elongation  in 
front.  It  consists  of  four 
coats,  or  membranes ; 
namely,  the  sclerotic,  the 
cornea,  the  choroid,  and 
the  retina.  It  has  two 
fluids  confined  within 
these  membranes,  called 
the  aqueous,  and  the  vitreous  humours,  and  one  lens,  called 
the  crystalline  humour.  The  sclerotic  coat  is  the  outer  and 
strongest  membrane,  and  its  anterior  part  is  well  known  as 
the  white  of  the  eye.  This  coat  is  marked  in  the  figure  a,  a, 
a,  a.  It  is  joined  to  the  cornea,  b,  b,  which  is  the  transparent 
membrane  in  front  of  the  eye,  through  which  we  see.  The 
choroid  coat  is  a  thin,  delicate  membrane,  which  lines  the 
sclerotic  coat  on  the  inside.  On  the  inside  of  this  lies  the 
retina,  d,  d,  d,  d,  which  is  the  innermost  coat  of  all,  and  is  an 
expansion,  or  continuation  of  the  optic  nerve  a.  This  expan- 
sion  of  the  optic  nerve  is  the  immediate  seat  of  vision.  The 
iris,  0,  0,  is  seen  through  the  cornea,  and  is  a  thin  membrane, 
or  curtain  of  different  colours  in  different  persons,  and  therefore 
gives  colour  to  the  eyes.  In  black  e5'^ed  persons  it  is  black,  in 
blue  eyed  persons  it  is  blue,  &c.  Through  the  iris,  is  a  cir- 
cular opening,  called  the  pupil,  which  expands  or  enlarges 
when  the  light  is  famt,  and  contracts  when  it  is  too  strong. 
The  space  between  the  iris  and  the  cornea  is  called  the  ante- 
rior chamber  of  the  eye,  and  is  filled  with  the  aqueous  humor, 
so  called  from  its  resemblance  to  water.  Behind  the  pupu 
and  iris  is  situated  the  crystalline  lens  e  which  is  a  firm  and 
perfectly  transparent  body,  through  Avhich  the  rays  of  light 
pass  from  the  pupil  to  the  retina.  Behind  the  lens  is  situated 
ihe  posterior  chamber  of  the  eye,  which  is  filled  with  the  vitre- 
ous humor,  v,  v.     This  humor  occupies  much  the  largest  por- 

What  is  the  form  of  the  human  eye?  How  many  coals,  or  mem- 
branes has  the  eye  ?  What  are  they  called  ?  How  many  fluids  has  the 
eye,  and  what  are  they  called?  What  is  the  lens  of  the  eye  called? 
What  coat  forms  the  white  of  the  eye  ?  Describe  whei'o  the  several 
coats  and  humors  are  situated.  What  is  tlie  iris  ?  What  is  the  retina? 
Where  is  the  sense  of  vision? 
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Fig.  159, 


tioti  of  the  whole  eye,  and  on  it  seems  to  depend  the  shape 
and  permanency  of  the  organ. 

From  the  above  description  of  the  eye,  it  will  be  easy  to 
trace  the  progress  of  the  rays  of  light  through  its  several  parts, 
and  to  explain  in  what  manner  vision  is  performed. 

In  doing  this,  we  must  keep  in  mind  that  the  rays  of  Hght 
proceed  from  every  part  and  point  of  a  visible  object,  as  here- 
tofore  stated,  and  that  it  is  necessary  only  for  a  few  of  the 
rays,  when  compared  with  the  whole  number,  to  enter  the  eye, 
in  order  to  make  the  object  visible. 

Thus  the  object  a  b,  fig. 
159,  being  placed  in  the  light, 
sends  forth  pencils  of  rays  in 
all  possible  directions,  some 
of  which  will  strike  the  eye  in 
^^  any  position  where  it  is  visi- 
ble.  These  pencils  of  rays, 
not  only  flow  from  the  points 
designated  in  the  figure,  but 
from  all  the  other  parts  in  the 
san:e  manner.  To  render  an 
object  visible,  therefore,  it  is 
only  necessary  that  the  eye 
should  collect  and  concentrate 
a  sufiicient  number  of  these 
rays  on  the  retina  to  form  its 
image  there,  and  from  this 
image,  the  sensation  of  vision  is  excited. 
Fig.  160. 


From  the  luminous  body  I,  fig.  160,  the  pencils  of  rays  flow 
in  all  directions,  but  it  is  only  by  those  which  enter  the  pupil, 
that  we  gain  any  knowledge  of  its  existence  ;  and  even  these 

What  is  the  design  of  fig.  159  ?  What  is  said  concerning  the  small 
number  of  the  rays  which  enter  the  eye  from  a  visible  object  ?  Explain 
the  design  of  fig.  159. 
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would  convey  to  the  mind  no  distinct  idea  of  the  object,  un. 
less  they  were  refracted  by  the  humors  of  the  eye,  for  did 
these  rays  proceed  in  their  natural  state  of  divergence  to  the 
retina,  the  image  there  formed  would  be  too  extensive,  and 
consequently  too  feeble  to  give  a  distinct  sensation  of  the 
object. 

It  is  therefore  by  means  of  the  aqueous  humor,  and  the 
crystalline  lens,  that  the  pencils  of  rays  are  so  concentrated 
as  to  form  a  perfect  picture  of  the  object  on  the  retina. 

We  have  already  seen,  that  when  the  rays  of  light  are  made 
to  cross  each  other  by  reflection  from  the  concave  mirror,  the 
image  of  the  object  is  inverted  ;  the  same  happens  when  the 
rays  are  made  to  cross  each  other  by  refraction  through  a 
convex  lens.  This,  it  is  obvious,  must  be  a  necessary  conse- 
quence of  the  intersection  of  the  rays  :  for  as  light  proceeds 
in  straight  lines,  those  rays  which  come  from  the  lower  part 
of  an  object,  on  crossing  those  which  come  from  its  upper 
part,  will  represent  this  part  on  the  upper  half  of  the  retina, 
and  for  the  same  reason  the  upper  part  of  the  object  will  be 
painted  on  the  lower  part  of  the  retina. 

Now  all  objects  are  represented  on  the  retina  in  an  inverted 
position  ;  that  is,  what  we  call  the  upper  part  of  a  vertical 
object,  is  the  lower  end  of  its  picture  on  the  retina,  and  so  the 
contrary. 

This  is  readily  proved  by  taking  the  eye  of  an  ox,  and  cut- 
ting away  the  sclerotic  coat,  so  as  to  make  it  transparent  on 
the  back  part,  next  the  vitreous  humor.  If  now  a  piece  of 
white  paper  be  placed  on  this  part  of  the  eye,  the  images  of 
objects  will  appear  figured  on  the  paper  in  an  inverted  position. 
The  same  effect  will  be  produced  on  looking  at  tilings  through 
an  eye  thus  prepared  ;  they  will  appear  inverted. 

Why  would  net  the  rays  of  light  give  a  distinct  idea  of  the  object 
without  refractioaby  the  humors  of  the  «ye  ?  Explain  how  it  is  that 
the  images  of  objects  are  inverted  on  the  retina.  What  experiment 
proves  tliat  4he  images  of  objectB  are  inverted  on  the  retina  ? 
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^'S'  161.  The  actual 

position  of  the 
vertical  object 
a,  fig.  161,  as 
a  painted  on  the 
retina,  is  there* 
fore  such  as  is 
represented  by 
the  figure.  The 

rays  from  its  upper  extremity,  coming  in  divergent'  lines,  are 
converged  by  the  chrystalline  lens  and  fall  on  the  retina  ato ; 
while  those  from  its'  lower  extremity,  by  the  same  law,  fall  on 
the  retina  at  c. 

In  order  that  vision  may  be  perfect,  it  is  necessary  that  the 
images  of  objects  should  be  formed  precisely  on  the  retina,  and 
consequently  if  the  refractive  power  of  the  eye  be  too  small, 
or  too  great,  the  image  will  not  fall  exactly  on  the  seat  of  vis- 
ion, but  will  be  formed  either  before,  or  tend  to  form  behind 
it.  In  both  cases,  perhaps  an  outline  of  the  object  may  be 
visible,  but  it  will  be  confused  and  indistinct. 

If  the  cornea  is  too  convex,  or  prominent,  the  image  will  be 
formed  before  it  reaches  the  retina,  for  the  same  reason,  that 
of  two  lenses,  that  which  is  most  convex  will  have  the  least 
focal  distance.  Such  is  the  defect  in  the  eyes  of  persons  who 
are  short  sighted,  and  hence  the  necessity  of  their  bringing 
objects  as  near  the  eye  as  possible,  so  as  to  make  the  rays  con- 
verge at  the  greatest  distance  behind  the  crystalline  lens. 

The  effect  of  uncommon  convexity  in  the  cornea  on  the 
rays  of  light,  is  shewn  at  fig.  162,  where  it  will  be  observed 
Fior.  162. 


that  the  image,  instead  of  being  formed  on  the  retina  r,  is 


Explain  fig.  161.     Suppose  the  refractive  power  of  the  eye  is  too 
great  or  too  little,  why  will  vision  be  imperfect?     If  the  cornea  is  loo 
convex,  where  will  the  image  bo  formed  ? 
16 
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suspended  in  the  vitreous  humour,  in  consequence  of"  there 
being  too  great  a  refractive  power  in  the  eye.  It  is  hardly 
necessary  to  say,  that  in  this  case,  vision  must  be  very  im- 
perfectly  performed. 

This  defect  of  sight  is  remedied  by  spectacles,  the  glasses 
of  which  are  concave  lenses.  Such  glasses,  by  rendering  the 
rays  of  light  less  convergent,  before  they  reach  the  eye,  coun- 
teract the  too  great  convergent  power  of  the  cornea  and  lens, 
and  thus  throw  the  image  on  the  retina. 

If  on  the  contrary  the  humours  of  the  eye,  in  consequence 
of  age,  or  any  other  cause,  have  become  less  in  quantity  than 
ordinary,  the  eye  ball  will  not  be  sifteciently  distended,  and 
the  cornea  will  become  too  flat,  or  not  sufficiently  convex,  to 
make  the  rays  of  light  meet  at  the  proper  place,  and  the  im- 
age  will  therefore  tend  to  be  formed  beyond  the  retina,  instead 
of  before  it,  as  in  the  other  case.  Hence  aged  people,  who 
labor  under  this  defect  of  vision,  cannot  see  distinctly  at  or- 
dinary distances,  but  are  obliged  to  remove  the  object  as  far 
fr«m  the  eye  as  possible,  so  as  to  make  its  refractive  power 
bring  the  image  within  the  seat  of  vision. 

The  defect  arising  from  this  cause  is  represented  by  figure 
163,  where  it  will  be  observed  that  the  image  is  formed  behind 
Fig.  163. 


the  retina,  showing  that  the  convexity  of  the  cornea  is  not 
sufficient  to  bring  the  image  within  the  seat  pf  distinct  vision. 
This  imperfection  of  sight  is  common  to  aged  personn,  and  is 
corrected  in  a  greater  or  less  degree,  by  double  convex  lenses, 
such  as  the  common  spectacle  glasses.  Such  glasses,  by  caus- 
ing the  rays  of  light  to  converge,  before  they  meet  the  eye,  as- 

How  is  the  sight  improved  when  the  cornea  is  too  convex  ?  How  do 
such  lenses  act  to  improve  the  sight  ?  Where  do  the  rays  tend  to  meet 
when  the  cornea  is  not  sufficiently  convex  ?  How  is  vision  assisted 
when  the  eye  wants  convexity .'  How  do  convex  lenses  help  the  sight 
of  aged  people  ? 
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sist  the  refractive  power  of  the  crystalUne  lens,  and  thus  bring 
the  focus,  or  image,  within  the  sphere  of  the  retina. 

It  has  been  considered  difficult  to  account  for  the  reason 
why  we  see  objects  erect,  when  they  are  painted  on  the  retina 
inverted,  and  many  learned  theories  have  been  written  to  ex- 
plain  this  fact.     But  it  is  most  probable  that  this  is  owing  to 
habit,  and  that  the  image,  at  the  bottom  of  the  eye,  has  no  re- 
lation  to  the  terms  above  and  below,  but  to  the  position  of  our 
bodies,  and  other  things  which  surround  us.     The  term  fer- 
pendicular,  and  the  idea  which  it  conveys  to  the  mind,  is 
merely  relative ;  but  when  applied  to  an  object  supported  by 
the  earth,  and  extending  towards  the  skies,  we  call  the  body 
erect  because  it  coincides  with  the  position  of  our  own  bodies, 
and  we  see  it  erect  for  the  same  reason.     Had  we  been  taught 
to  read,  by  turning  our  books  upside  down,  what  we  now  call 
-the  upper  part  of  the  book  would  have  been  its  under  part, 
and  that  reading  would  have  been  as  easy  in  that  position  as 
in  any  other,  is  plain,  from  the  fact  that  printers  read  their 
type,  when  set  up,  as  readily  as  they  do  its  impressions  on 

paper.  n-  u* 

Angle  oj  Vision.     The  angle  under  which  the  rays  o<  light 

coming  from  the  extremities  of  an  object,  cross  each  other  at 

the  eye,  bears  a  proportion  directly  to  the  length,   and  m- 

versely  to  the  distance  of  the  object.  ^ 

Suppose  the  object  a,  b,  fig.  164,  to  be  four  feet  long,  and 

to  be  placed  ten  feet  from  the  eye,  then  the  rays  flowing  from 

Fig.  164. 


its  extremities,  would  intersect  each  other  at  the  eye,  under  a 
given  angle,  which  will  always  be  the  same  when  the  object 

Why  do  we  see  things  erect,  when  the  images  are  inverted  on  the  re- 
tina ?     What  is  the  visual  angle  ? 
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is  at  the  same  distance.  If  the  object  be  gradually  moved  to- 
wards the  eye,  to  the  place  c,  d,  then  the  angle  will  be  gradu- 
ally increased  in  quantity,  and  the  object  will  appear  larger, 
since  its  image  on  the  retina  will  be  increased  in  length  in 
the  proportion  as  the  lines  i,  i,  are  wider  apart  than  o,  o.  On 
the  contrary,  were  a,  b,  removed  to  a  greater  distance  from 
the  first  position,  it  is  obvious  that  the  angle  would  be  dimin- 
ished  in  proportion. 

The  lines  thus  proceeding  from  the  extremities  of  an  object, 
and  representing  the  rays  of  light,  form  an  angle  at  the  eye, 
which  is  called  the  visual  angle,  or  the  angle  under  which 
things  are  seen.  The  lines  a,  n,  J,  therefore,  form  one  visual 
angle,  and  the  lines  c,  n,  d,  another  visual  angle. 

We  see  from  this  investigation,  that  the  apparent  magni- 
tude  of  objects,  depending  on  the  angles  of  vision,  will  vary 
according  to  their  distances  from  the  eye,  and  that  their  mag- 
nitudes diminish  in  a  proportion  inversely  as  their  distances 
increase.  We  learn  also,  from  the  same  principles,  that  ob- 
jects of  different  magnitudes  may  be  so  placed,  with  respect 
to  the  eye,  as  to  give  the  same  visual  angle,  and  thus  to  make 
their  apparent  magnitudes  equal.  Thus  the  three  arrows  a, 
e,  and  m,  though  differing  so  much  in  length,  are  all  seen  un- 
der the  same  visual  angle. 

In  the  apparent  magnitude  of  objects  seen  through  a  lens, 
or  when  their  images  reach  the  eye  by  reflection  from  a  mir- 
ror, oirr  senses  are  chiefly,  if  not  entirely  guided  by  the  angle 
of  vision.  In  forming  our  judgment  of  the  sizes  of  distant 
objects,  whose  magnitudes  were  before  unknown,  we  are  also 
guided  more  or  less  by  the  visual  angle,  though  in  this  case 
we  do  not  depend  entirely  on  the  sense  of  vision.  Thus  if  we 
see  two  balloons  floating  in  the  air,  one  of  which  is  larger 
than  the  other,  we  judge  of  their  comparative  magnitudes  by 
the  difference  in  their  visual  angles,  and  of  their  real  magni- 
tudes by  the  same  angles,  and  the  distance  we  suppose  them 
to  be  from  us. 

But  when  the  object  is  near  us,  and  seen  with  the  naked 
eye,  we  then  judge  of  its  magnitude  by  our  experience,  and  not 

How  may  the  visual  angle  of  the  same  object  be  increased  or  dimin- 
ished ?  When  do  objects  of  different  magnitudes  form  the  same  visual 
angle  ?  Explain  fig.  164.  Under  what  circumstances  is  our  sense  of 
vision  guided  entirely  by  the  visual  angle?  How  do  we  judge  of  the 
magnitudes  of  distant  objects  ?  How  do  we  judge  of  the  comparative 
size  of  objects  near  us  ? 
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entirely  by  the  visual  angle.  Thus  the  three  arrows,  a,  e,  m, 
fig.  164,  all  of  them  make  the  same  angle  on  the  eye,  and  yet 
we  know  by  further  examination,  that  they  are  all  of  different 
lengths.  And  so  the  two  arrows  a  h,  and  c  d,  though  seen  un- 
der  different  visual  angles,  will  appear  of  the  san>e  size,  be- 
cause experience  has  taught  us  that  this  difference  depends 
only  on  the  comparative  distance  of  the  two  objects. 

As  the  visual  angle  diminishes  inversely  in  proportion  as 
the  distance  of  the  object  increases,  so  when  the  distance  is 
so  great  as  to  make  the  angle  too  minute  to  be  perceptible  to 
the  eye,  then  the  object  becomes  invisible.  Thus,  when  we 
watch  an  eagle,  flying  from  us,  the  angle  of  vision  is  gradu- 
ally diminished,  until  the  rays  proceeding  from  the  bird,  form 
an  image  on  the  retina  too  small  to  excite  sensation,  and  then 
we  say,  the  eagle  has  flown  out  of  sight. 

The  same  principle  holds  with  respect  to  objects  which  are 
near  the  eye,  but  are  too  small  to  form  an  image  on  the  retina, 
which  is  perceptible  to  the  senses.  Such  objects  to  the  naked 
eye  are  of  course  invisible,  but  when  the  visual  angle  is  en- 
larg'ed,  by  means  of  a  convex  lens,  they  become  visible  ;  that 
is  thei'r  images  on  the  retina  excite  sensation. 

'The  actual  size  of  an  image  on  the  retina,  capable  of  exci- 
ting sensation,  and  consequently  of  producing  vision,  may  be 
too  small  for  us  to  appreciate  by  any  of  our  other  senses  ;  for 
when  we  consider  how  much  smaller  the  image  must  be  than 
the  object  and  that  a  human  hair  can  be  distinguished  by  the 
naked  eye  at  the  distance  of  twenty  or  thirty  feet,  we  must 
suppose  that  the  retina  is  endowed  with  the  most  delicate  sen- 
sibility  to  be  excited  by  a  cgiuse  so  minute.  It  has  been  es- 
limated  that  the  image  of  a  man,  on  the  retina,  seen  at  the 
distance  of  a  mile,  is  not  more  than  the  five  thousandth  part 
of  an  inch  in  length.  .     ,         ,  .. 

On  the  contrary,  if  the  object  be  brought  too  near  the  eye, 
its  image  becomes  confused  and  indistinct,  because  the  rays 
flowing  from  it,  fall  on  the  crystalline  lens  in  a  state  too  di- 
vergentto  be  refracted  to  a  focus  on  the  retina. 

.  When  does  a  retreating  object  become  invisible  to  the  eye  ?  How 
doel  a  convex  lens  act  to  make  us  see  objects  which  are  invisible  with- 
nufit '  Whattis  said  of  the  actual  size  of  an  image  on  the  retina? 
Why  are  objects  iadistinct,  when  brought  too  near  the  eye  ? 

16* 
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Fig.  165.  This  will  be  apparent  by 

fig.  165,  where  we  suppose 
that  the  objibta,  is  brought 
within  an  inch  or  two  of  the 
eye,  and  that  the  rays  pro- 
ceeding from  it  enter  the 
eye  so  obliquely  as  not  to  be 
refracted  by  the  lens,  so  as 
to  form  a  distinct  image. 
Could  we  see  objects  dis- 
tinctly  at  the  shortest  distance,  we  should  be  able  to  examine 
things  that  are  now  invisible,  since  the  visual  angle  would  then 
be  increased,  and  consequently  the  image  on  the  retina  en- 
larged, in  proportion  as  objects  were  brought  near  the  eye. 
This  is  proved  by  intercepting  the  most  divergent  rays  ;  in 
which  case  an  object  may  be  brought  near  the  eye,  and  will 
then  appear  greatly  magnified.  Make  a  small  orifice,  as  a 
pin-hole,  through  a  piece  of  dark  colored  paper,  and  then 
look  through  the  orifice  at  small  objects,  such  as  the  letters 
of  a  printed  book.  The  letters  will  appear  much  magnified. 
The  rays,  in  this  case,  are  refracted  to  a  focus,  on  the  retina, 
because  the  small  orifice  prevents  those  which  are  most  diver- 
gent from  entering  the  eye,  so  that  notwithstanding  the  near- 
ness of  the  object,  the  rays  which  form  the  image  are  nearly 
parallel 

Optical  Instruments. 

Single  Microscope.  The  principle  of  the  single  micro- 
scope, or  convex  lens,  will  be  readily  understood,  if  the  pupil 
will  remember  what  has  been  said  on  the  refraction  of  lenses, 
in  connexion  with  the  facts  just  stated.  For,  the  reason  why 
objects  appear  magnified  through  a  convex  lens,  is  not  only 
because  the  visual  angle  is  increased,  but  because  when 
brought  near  the  eye,  the  diverging  rays  from  the  object  are 
rendered  parallel  by  the  lens,  and  are  thus  thrown  into  a  con- 
dition  to  be  brought  to  a  focus  in  the  proper  place  by  the  hu- 
mors. 


Suppose  objects  could  be  seen  distinctly  within  an  inch  or  two  of  tlie 
eye,  how  would  their  dimensions  be  affected  f  How  is  it  proved  that 
objects  placed  near  the  eye  are  magnified  ?  How  does  a  small  orifice 
enable  us  to  sec  an  object  distinctly  near  the  eye  ?  Why  does  a  convex 
lens  make  an  object  distinct  when  near  the  eye  ? 
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Fig.  166.  Let  a,  fig.  166, 

be  the  distance  at 
which  aa  object 
can  be  seen  dis- 
tinctly, and  b,ihe 
distance  at  which 
thesaraeobjectis 
seen  through  the 
lens,  and  suppose  the  distance  of  a  from  the  eye,  be  twice 
that  of  b.  Then  because  the  object  is  at  half  the  distance 
that  it  was  before,  it  will  appear  twice  as  large  ;  and  had  it 
been  seen  one  third,  one  fourth,  or  one  tenth  its  former  dis- 
tance, it  would  have  been  magnified  three,  four,  or  ten  times, 
and  consequently  its  surface  would  be  increased,  9,  16,  or 
100  times. 

The  most  powerful  single  microscopes  are  made  of  minute 
globules  of  glass,  which  are  formed  by  melting  the  ends  of  a 
few  threads  of  spun  glass  in  a  candle.  Small  globules  of 
water  placed  in  an  orifice  through  a  piece  of  tin,  or  other  thin 
substance,  will  also  make  very  powerful  microscopes.  In  these 
minute  lenses,  the  focal  distance  is  only  a  tenth,  or  twelfth 
part  of  an  incli  from  the  lens,  and  therefore  the  eye,  as  well 
as  the  object  to  be  magnified,  must  be  brought  very  near  the 
instrument. 

The  Compound  Microscope  consists  of  two  convex  lenses, 
by  one  of  which  the  image  is  formed  within  the  tube  of  the 
instrument,  and  by  the  other,  this  image  is  magnified,  as  seen 
by  the  eye  ;  so  that  by  this  instrument  the  object  itself  is  not 
seen,  as  with  the  single  microscope,  but  we  see  only  its  mag- 
nified image. 

The  small  lens,  placed  near  the  object,  and  by  which  its 
image  is  formed  within  the  tube,  is  called  the  object  glass, 
while  the  larger  one,  through  which  the  image  is  seen,  is 
called  the  eye  glass. 

This  arrangement  is  represented  at  fig.  167.  The  object 
a,  is  placed  a  little  beyond  the  focus  of  the  object  glass,  b,  by 
which  an  inverted  and  enlarged  image  of  it  is  formed  within 
the  instrument   at  c.     This  image  is   seen   through  the  eye 

Explain  fig.  160.  How  are  the  most  powerful  single  microscopes 
made  .'  How  many  lenses  form  the  compound  microscope  .'  Which 
is  the  object  and  which  the  eye  glass .'  Is  the  object  seen,  with  this 
instrument,  or  only  its  image .' 
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glass  d,  by  which  it  is  again  magnified,  and  it  is  at  last  figur- 
ed on  the  retina  in  its  original  position. 

These  glasses  are  set  in  a  case  of  brass,  the  object  glass 
being  made  to  take  out,  so  that  others  of  different  magnifying 
powers  may  be  used,  as  occasion  requires. 

The  Solar  Microscope  consists  of  two  lenses,  one  of  which  is 
called  the  condenser,  because  it  is  employed  to  concentrate  the 
rays  of  the  sun,  in  order  to  illuminate  the  object,  to  be  magni- 
fied,  more  strongly.  The  other  is  a  double  convex  lens,  of  con- 
siderable magnifying  power,  by  which  the  image  is  formed. 
In  addition  to  these  lenses,  there  is  a  plane  mirror,  or  piece  of 
common  looking-glass,  which  can  be  moved  in  any  direction, 
and  which  reflects  the  rays  of  the  sun  on  the  condenser. 
Fig.  168. 
0       0 


The  object  a,  fig.  168,  being  placed  nearly  in  the  focus  of 
the  condenser  &,  is  strongly  illuminated,  in  consequence  ofthe 
rays  ofthe  sun  being  thrown  on  6,  by  the  mirror  c.  The  ob- 
ject is  not  placed  exactly  in  the  focus  of  the  condenser,  be- 
cause, in  most  cases  it  would  be  soon  destroyed  by  its  heat, 
and  because  the  focal  points  would  illuminate  only  a  small 
extent  of  surface,  but  may  be  exactly  in  the  focus  of  the  small 

Explain  fig.  167,  and  shqw  wliere  the  image  is  formed  in  the  tube. 
How  many  lenses  has  tlie  solar  microscope  ?  Why  is  one  ofthe  lenses 
ofthe  solar  microscope  called  the  condenser?  Describe  the  usee  ofthe 
two  lenses  and  the  reflector. 
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lens  d,  by  which  no  such  accident  can  happen.  The  lines  o 
0,  represent  the  incident  rays  of  the  sun,  which  are  reflected 
on  the  condenser. 

When  the  solar  microscope  is  used,  the  room  is  darkened, 
the  only  light  admitted  being  that  which  is  thrown  on  the  ob- 
ject by  the  condenser,  and  which,  passing  through  the  small 
lens,  gives  the  magnified  shadow  e,  of  the  small  object  a,  pla- 
ced in  its  focus,  on  the  wall  of  the  room,  or  on  a  screen.  The 
tube  containing  the  two  lenses,  is  passed  through  the  window 
of  the  room,  the  reflector  remaining  outside. 

In  the  ordinary  use  of  this  instrument,  the  object  itself  is 
not  seen,  but  only  its  shadow,  on  the  screen,  and  it  is  not  de- 
signed  for  the  examination  of  opaque  objects. 

When  the  small  lens  of  the  solar  microscope  is  of  great 
magnifying  power,  it  presents  some  of  the  most  striking  and 
curious  of  optical  phenomena.  The  shadows  of  mites  from 
cheese,  or  figs,  appear  nearly  two  feet  in  length,  presenting  an 
appearance  exceedingly  formidable  and  disgusting  ;  and  the 
insects  from  common  vinegar  appear  eight  or  ten  feet  long, 
and  in  perpetual  motion,  resembling  so  many  huge  serpents. 

Telescope.  The  telescope  is  an  optical  instrument,  employ- 
ed to  view  distant  bodies,  and  in  effect,  to  bring  them  nearer 
the  eye,  by  increasing  the  apparent  angles  under  which  such 
objects  are  seen. 

These  instruments  are  of  two  kinds,  namely,  refracting, 
and  reflecting  telescopes.  In  the  first  kind,  the  image  of  the 
object  is  seen  with  the  eye  directed  towards  it ;  in  the  second 
kind,  the  image  is  seen  by  reflection  from  a  mirror,  while  the 
back  is  towards  the  object,  or  by  a  double  reflection,  with  the 
face  towards  the  object. 

The  telescope  is  the  most  important  of  all  optical  instru- 
ments,  since  it  unfolds  the  wonders  of  other  worlds,  and  gives 
us  the  means  of  calculating  the  distances  of  the  heavenly  bo- 
dies, and  of  explaining  their  phenomena  for  astronomical  and 
nautical  purposes. 

The  principle  of  the  telescope  will  be  readily  comprehended 
after  what  has  been  said  concerning  the  compound  micro- 
scope, for  the  two  instruments  differ  chiefly  in  respect  to  the 
place  of  the  object  lens,  that  of  the  microscope  having  a  short, 
while  that  of  the  telescope  has  a  long  focal  distance. 

Is  the  object,  or  only  the  shadow,  seer  by  this  instrument  ?  What  is 
a  telescope  ?  How  many  kinds  of  telescopes  are  mentioned?  What  is 
the  difference  between  them  ?  In  what  respect  does  the  refracting  tel- 
escope differ  from  the  compound  microscope  ? 
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Refracting  Telescope.  The  most  simple  refracting  teles- 
cope consists  of  a  tube,  containing  two  convex  lenses,  the  one 
having  a  long,  and  the  other  a  short  focal  distance.  (The  fo- 
cal distance  of  a  convex  lens,  it  will  be  remembered,  is  nearly 
the  centre  of  a  sphere,  of  which  it  is  a  part.)  These  two 
lenses  are  placed  in  the  tube,  at  a  distance  from  each  other 
equal  to  the  sum  of  their  two  focal  distances. 
Fisf.  169. 


Thus,  if  the  focus  of  the  object  glass  a,  fig.  169,  be  eight 
inches,  and  that  of  the  eye  glass  b,  two  inches,  then  the  dis- 
tance of  the  sums  of  the  foci  will  be  ten  inchies,  and  there- 
fore the  two  lenses  must  be  placed  ten  inches  apart ;  and  the 
same  rule  is  observed,  whatever  may  be  the  focal  lengths  of 
any  two  lenses. 

Now  to  understand  the  effebt  of  this  arrangement,  suppose 
the  rays  of  light,  c  d,  coming  from  a  distant  object,  as  a  star, 
to  fall  on  the  object  glass  a,  in  parallel  lines,  and  to  be  refract- 
ed by  the  lens  to  a  focus  ate,  where  the  image  of  the  star  will 
be  represented.  This  image  is  then  magnified  by  the  eye 
glass  b,  and  thus  in  effect,  is  brought  near  the  eye. 

All  that  is  effected  by  the  telescope,  therefore,  is  to  form  an 
image  of  a  distant  object,  by  means  of  the  object  lens,  and 
then  to  assist  the  eye  in  viewing  this  image  as  nearly  as  pos- 
sible by  the  eye  lens. 

It  is,  however,  necessary  here  to  state,  that  by  the  last  fig- 
ure, the  principle  only  of  the  telescope,  is  intended  to  be  ex- 
plained, for  in  the  common  instrument,  with  only  two  glasses, 
the  image  appears  to  the  eye.  inverted. 

The  reason  of  this  will  be  seen  by  the  next  figare,  where 
the  direction  of  the  rays  of  light  will  show  the  position  of  the 
image. 

How  is  the  most  simple  refracting  telescope  formed  ?  Which  is  the 
object,  and  which  the  eye  lens,  in  fig.  169  ?  What  is  the  rule  by  which 
the  distance  of  the  two  glasses  apart  is  found  ?  How  do  the  two  glasses 
act,  to  bring  an  object  near  the  eye  ? 
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Fig.  170. 


Suppose  a,  fig.  170,  to  be  a  distant  object,  from  which  pen- 
cils of  rays  flow  from  every  point  towards  the  object  lens  b. 
The  image  of  a,  in  consequence  of  the  refraction  of  the  rays 
by  the  object  lens,  is  inverted  at  c,  which  is  the  focus  of  the 
eye  glass  d,  and  through  which  the  image  is  then  seen,  still 
iverted. 

The  inversion  of  the  object  is  of  little  consequence  when 
the  instrument  is  employed  for  astronomical  purposes,  for 
since  the  forms  of  the  heavenly  bodies  are  spherical,  their  po- 
sitions, in  this  respect,  do  not  affect  their  general  appearance. 
But  for  terrestrial  purposes,  this  is  manifestly  a  great  defect, 
and  therefore  those  constructed  for  such  purposes,  as  ship,  or 
spy  glasses,  have  two  additional  lenses,  by  means  of  which, 
the  images  are  made  to  appear  in  the  same  position  as  the 
objects. 

Fig.  171. 


Such'a  telescope  is  represented  at  fig.  171,  and  consists 
of  an  object  glass  a,  and  three  eye  glasses,  b,  c,  and  d.  The 
eye  glasses  are  placed  at  equal  distances  from  each  other,  so 
that  the  focus  of  one  may  meet  that  of  the  other,  and  thus  the 
image  formed  by  the  object  lens,  will  be  transmitted  through 
the  other  three  lenses,  to  the  eye.  The  rays  coming  from  the 
object  0,  cross  each  other  at  the  focus  of  the  object  lens,  and 
thus  form  an  inverted  image  at/.     This  image  being  also  in 

Explain  fig.  170,  and  show  how  the  object  comes  to  be  inverted  by 
the  two  lenses.  How  is  the  inversion  of  the  object  corrected  ?  Ex- 
plain fig.  171,  and  show  why  the  two  additionallenses  make  the  image 
of  the  object  erect. 
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the  focus  of  the  first  eye  glass,  b,  the  rays  having  passed 
through  the  glass  become  parallel,  for,  we  have  seen,  in  an- 
other  place,  that  diverging  rays  are  rendered  parallel  by  re- 
fraction through  a  convex  lens.  The  rays,  therefore,  pass  par- 
allel to  the  next  lens,  c,  by  which  they  are  made  to  converge, 
and  cross  each  other,  and  thus  the  image  is  inverted,  and 
made  to  assume  the  original  position  of  tlie  object  o.  Lastly, 
this  image,  being  in  the  focus  of  the  eye  glass  d,  is  seen  in 
the  natural  position,  or  in  that  of  the  object. 

The  apparent  magnitude  of  the  object  is  not  changed  by 
these  two  additional  glasses,  but  depends,  as  in  fig,  170,  on 
the  magnifying  power  of  the  eye  and  object  lenses  ;  the  two 
glasses  being  added  merely  for  the  purpose  of  making  the 
image  appear  erect. 

It  is  found  that  an  eye  glass  of  very  high  magnifying  pow- 
er cannot  be  employed  in  the  refracting  telescope,  because  it 
disperses  the  rays  of  light,  so  that  the  image  become^s  indis- 
tinct. Many  experiments  were  formerly  made  with  a  view  to 
obviate  this  difficulty,  and  among  these  it  was  found  that  in- 
creasing  the  focal  distance  of  the  object  lens,  was  the  most 
efficacious.  But  this  was  attended  with  great  inconvenience, 
and  expense,  on  account  of  the  length  of  tube  which  this  mode 
required.  These  experiments  were,  however,  discontinued, 
and  the  refracting  telescope  itself,  chiefly  laid  aside  for  astro- 
nomical purposes,  in  consequence  of  the  discovery  of  the  re- 
flecting telescope. 

Reflecting  Telescope. — The  common  reflecting  telescope 
consists  of  a  large  tube,  containing  two  concave  reflecting  mir- 
ors,  of  diflferent  sizes,  and  two  eye  glasses.  The  object  is 
first  reflected  from  the  large  mirror  to  the  small  one,  and  from 
the  small  one,  through  the  two  eye  glasses,  where  it  is  then 
seen. 

In  comparing  the  advantages  of  the  two  instruments,  it 
need  only  be  stated,  that  the  refracting  telescope,  with  a  focal 
length  of  a  thousand  feet,  if  it  could  be  used,  would  not  mag- 
nify  distinctly  more  than  a  thousand  times,  while  a  reflecting 
telescope,  only  eight  or  nine  feet  long,  will  magnify  with  dis- 
tinctness twelve  hundred  times. 

Does  the  addition  of  these  two  lenses  make  any  difference  with  the 
apparent  magnitude  of  the  object?  Why  cannot  a  highly  magnifying 
eye  glass  be  used  in  the  telescope  ?  What  is  the  most  efficacious  means 
of  increasing  the  power  of  the  refracting  telescope  ?  How  many  lenses 
and  mirrors  form  t  A  e  reflecting  telescope  ?  What  are  the  advantages  of 
he  reflect  ing  over  the  refracting  telescope  ? 
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Fig.  172. 


The  principle,  and  construction  of  the  reflecting  telescope 
will  be  understood  by  fig.  172.  Suppose  the  object  o  to  be  at 
such  a  distance,  that  the  rays  of  light  from  it  pass  in  parallel 
lines,  p,  p,  to  the  great  reflector,  r,  r.  This  reflector  being 
concave,  the  rays  are  converged  by  reflection,  and  cross  each 
other  at  a,  by  which  the  image  is  inverted.  The  rays  then 
pass  to  the  small  mirror,  b,  which  being  also  concave,  they  are 
thrown  back  in  nearly  parallel  lines,  and  having  passed  the 
aperture  in  the  centre  of  the  great  mirror,  fall  on  the  plano-con- 
vex lens  e.  By  this  lens  they  are  refracted  to  a  focus,  and 
cross  each  other  between  e,  and  d,  and  thus  the  image  is  again 
inverted,  and  brought  to  its  original  position,  or  in  the  position 
of  the  object.  The  rays  then,  passing  the  second  eye  glass, 
form  the  image  of  the  object  on  the  retina. 

The  large  mirror  in  this  instrument  is  fixed,  but  the  small 
one  moves  backwards  and  forwards,  by  means  of  a  screw,  so 
as  to  adjust  the  image  to  the  eyes  of  different  persons. 
Both  mirrors  are  made  of  a  composition,  consisting  of  several 
metals  melted  together. 

One  great  advantage  which  the  reflecting  telescope  possess- 
es over  the  refracting,  appears  to  be,  that  it  admits  of  an  eye 
glass  of  shorter  focal  distance,  and  consequently,  of  greater 
magnifying  power.  The  convex  object  glass  of  the  refracting 
instrument,  does  not  form  a  perfect  image  of  the  object,  since 
some  of  the  rays  are  dispersed,  and  others  coloured  by  refrac- 
tion. This  difficulty  does  not  occur  in  the  reflected  image 
from  the  metallic  mirror  of  the  reflecting  telescope,  and  conse- 
quently it  may  be  distinctly  seen,  when  more  highly  magnified. 

The  instrument  just  described  is  called  "  Gregory's  teles- 

Explain  fig.  175,  and  show  the  course  of  the  rays  from  the  object  to 
th«  eye.  Why  is  the  small  mirror  in  this  instrument  made  to  move  by 
means  of  a  screw  ?  What  is  the  advantage  of  die  reflecting  telescope 
in  respect  to  the  eye  glass  ?  Why  is  the  telescope  with  two  reflectors 
called  Gregorys  telescope? 

17 
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■coft"  because  some  parts  of  the  arrangement  were  invented 
by  Dr.  Gregory. 

In  the  telescope  made  by  Dr.  Herschel,  the  object  is  reflect- 
ed by  a  mirror,  as  in  that  of  Dr.  Gregory.  But  the  second, 
or  small  reflector,  is  not  employed,  the  image  being  seen 
through  a  convex  lens,  placed  so  as  to  magnify  the  image  of 
the  large  mirror,  so  that  the  observer  stands  with  his  back  to- 
wards the  object. 

The  magnifying  power  of  this  instrument  is  the  same  as 
that  of  Dr.  Gregory's,  but  the  image  appears  brighter,  because 
there  is  no  second  reflection  ;  for  every  reflection  renders  the 
image  fainter,  since  no  mirror  is  so  perfect  as  to  throw  back 
all  the  rays  which  fall  upon  its  surface. 

In  Dr.  Herschel's  grand  telescope,  the  largest  ever  con- 
structed, the  reflector  was  48  inches  i  i  diameter,  and  had  a 
focal  distance  of  40  feet.  This  reflector  was  three  and  a  half 
inches  thick,  and  weighed  ^000  pounds.  Now  since  the  fo- 
cus of  a  concave  miri'or  is  at  the  distance  of  one  half  the  semi- 
diameter  of  the  sphere,  of  which  it  is  a  section.  Dr.  Herschel's 
reflector  formed  a  part  of  a  sphere  of  160  feet  in  diameter. 
This  great  instrument  Was  begun  in  1785,  and  finished  four 
years  afterwards.  The  frame  by  which  this  wonder  to  all  as- 
tronomers was  supported,  having  decayed,  it  was  taken  down 
in  1622,  and  another  of  20  feet  focus,  with  a  reflector  of  18 
inches  in  diameter,  erected  in  its  place,  by  Herschel's  son. 

The  largest  Herschel's  telescope  now  in  existence  is  that 
of  Greenwich  observatory,  in  England.  This  has  a  concave 
reflector  of  1.5  inches  in  diameter,  with  a  focal  length  of  25 
feet,  and  was  erected  in  1820. 

Camera  Obsciira.  Camera  obscura  strictly  signifies  adar- 
kened  chamber,  because  the  room  must  be  darkened,  in  order 
to  produce  its  effects. 

To  witness  the  phenomena  of  this  instrument,  let  a  room  be 
closed  in  every  direction,  so  as  to  exclude  the  light.  Then 
from  an  aperture,  say  of  an  inch  in  diameter,  admit  a  single 
beam  of  light,  and  the  images  of  external  things,  sueli  as  trees, 
and  houses,  and  persons  walking  the  streets,  will  be  seen 
inverted  on  the  wall  opposite  to  where  the  light  is  admitted,  or 
on  a  screen  of  yi'hite  paper,  placed  before  the  a,perture. 

How  does  this  instrument  differ  from  Dr.  Herschel's  telescope? 
What  was  the  focal  distance  and  diameter  of  the  mirror  in  Dr.  Herschel's 
great  telescope  ?  Where  is  the  largest  Herschel's  telescope  now  in  ex- 
istence? What  is  the  diameter  and  focal  distance  of  the  reflector  of 
this  telescope  ?     Describe  the  phenomena  of  the  camera  obscura. 
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The  reason  why  the  image  is  inverted,  will  be  obvious, 
when  we  consider  that  the  rays  proceeding  from  the  extrem- 
ities of  the  object  must  converge  in  order  to  pass  through  the 
small  aperture  ;  and  as  the  rays  of  light  always  proceed  in 
straight  lines,  they  must  cross  each  other  at  the  point  of  ad-, 
mission. 

Fiij.  173.  Thus  the  pen- 

cil  a,  fig.  173^ 
coming  from  the 
upper  part  ofthe 
tower,  and  pro- 
ceeding straight 
will  represent 
the  image  ofthat 
part  at  h,  while 
the  lower  part 
c,  for  the  same 
reason  will  be 
represented  at  d.  If  a  convex  lens,  with  a  short  tube  be  pla- 
ced in  the  aperture  through  which  the  light  passes  into  the 
room,  the  images  of  things  will  be  much  more  perfect,  and 
their  colors  more  brilliant. 

This  instrument  issoiaetiraes 
employed  by  painters,  in  order 
to  obtain  an  exact  delineation  of 
a  landscape,  an  outline  ofthe  im- 
age being  easily  taken,  with  a 
pencil,  when  the  image  is 
thrown  on  a  sheet  of  paper. 

There  are  several  modifica- 
tions  of  this  machine,  and  among 
them  the  revolving  camera  ob- 
scura  is  the  most  interesting. 

It  consists  of  a  small  house, 
fig.  174,  with  a  plane  reflector, 
a  b,  and  a  convex  lens,  c  h,  pla- 
ced  at  its  top.  The  reflector  is 
fixed  at  an  angle  of  45  degrees 
with  the  horizon,  so  as  to  reflect 

Why  is  the  image  formed  by  the  camera  obscura  inverted  ?  How 
may  an  outline  of  the  imago  foi  med  by  the  camera  obscura  oe  taken  , 
Describe  tlie  revolving  camera  ( ibscura, 


Fig.  174, 
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the  rays  of  light  perpendicularly  downwards,  and  is  made  to 
revolve  quite  around,  in  either  direction,  by  pulling  a  string. 

Now  suppose  the  small  house  to  be  placed  in  the  open  air, 
with  the  mirror  a  b,  turned  towards  the  east,  then  the  rays  of 
light  flowing  from  the  objects  in  that  direction,  will  strike  the 
mirror  in  the  direction  of  the  lines  o,  and  be  reflected  down 
through  the  convex  lens  c  b,  to  the  table  e  e,  where  they  will 
form  in  miniature  a  most  perfect  and  beautiful  picture  of  the 
landscape  in  that  direction.  Then  by  making  the  reflector 
revolve,  another  portion  of  the  landscape  may  be  seen,  and 
thus  the  objects  in  all  directions  can  be  viewed  at  k  without 
changing  the  place  of  the  instrument. 

The  Magic  Lantern.  The  Magic  Lantern  is  a  microscope, 
on  the  same  principle  as  the  solar  microscope.  But  instead 
of  being  used  to  magnify  natural  objects,  it  is  commonly  em- 
ployed for  amusement,  by  casting  the  shadows  of  small  trans- 
parent  paintings  done  on  glass,  upon  a  screen  placed  at  a  pro- 
per distance. 

Fig.  175. 


Let  a  candle,  c,  fig.  175,  be  placed  on  the  inside  of  a  box,  or 
tube,  so  that  its  light  may  pass  through  the  plano-convex  lensn, 
and  strongly  illuminate  the  object  o.  This  object  is  generally  a 
small  transparent  painting  on  a  slip  of  glass,  which  slides 
through  an  opening  in  the  tube.  In  order  to  show  the  figures 
in  the  erect  position,  these  paintings  are  inverted,  since  their 
shadows  are  inverted  by  the  refraction  of  the  convex  lens. 

In  some  of  these  instruments,  there  is  a  concave  mirror,  d, 
by  which  the  object,  o,  is  more  strongly  illuminated  than  it 
would  be,  by  the  lamp  alone.     The  object  is  magnified  by  the 

What  is  the  magic  lantern  ?  For  what  purpose  is  this  instrument 
employed?     Describe  the  construction  and  effect  of  the  magic  lantern. 
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double  convex  lens,  m,  which  is  moveable  in  the  tube  by  a 
screw,  so  that  its  focus  can  be  adjusted  to  the  required  dis- 
tance. Lastly,  there  is  a  screen  of  white  cloth,  placed  at  the 
proper  distance,  on  which  the  image,  or  shadow  of  the  pic- 
ture, is  seen  greatly  magnified. 

The  pictures,  being  of  various  colours,  and  so  transparent, 
that  the  light  of  the  lamp  shines  through  them,  the  shadows 
are  also  of  various  colours,  and  thus  soldiers  and  horsemen 
axe  represented  in  their  proper  costume. 

Chromatics,  or  the  philosophy  of  Colors. 

We  have  thus  far  considered  light  as  a  simple  substance, 
and  have  supposed  that  all  its  parts  were  equally  refracted,  in 
its  passage  through  the  several  lenses  described.  But  it  will 
now  be  shown  that  light  is  a  compound  substance,  and  that 
each  of  its  rays,  which  to  us  appear  white,  is  composed  of 
several  colors,  and  that  each  color  suffers  a  different  degree 
of  refraction,  when  the  rays  of  light  pass  through  a  piece  of 
glass,  of  a  certain  shape. 

The  discovery,  that  light  is  a  compound  subsitance,  and 
that  it  may  be  decomposed,  or  separated  into  pans,  was  made 
by  Sir  Isaac  Newton. 

If  a  ray,  proceeding  from  the  sun,  be  admitted  into  a  dark- 
ened chamber,  through  an  aperture  in  the  window  shutter, 
and  allowed  to  pass  through  a  triangular  shaped  piece  of  glass, 
called  a  prism,  the  light  Avill  be  decomposed,  and  instead  of  a 
spot  of  white  light,  there  will  be  seen  on  the  opposite  wall,  a 
most  brilliant  display  of  colors,  including  all  those  which  are 

seen  in  the  rainbow. 

Fig.  176. 


White  (X-^^ 


Who  made  the  discovery  that  light  is  a  compound  substance  ?     In 
what  manner  and  by  what  means,  is  light  decomposed? 
17* 
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Suppose  s,  fig.  176,  to  be  a  ray  from  the  sun,  admitted 
through  the  window  shutter  a,  in  such  a  direction  as  to  fall  on 
the  floor  at  c,  where  it  would  form  a  round,  white  spot.  Now 
on  interposing  the  prism  p,  it  will  be  refracted,  and  at  the 
same  time  decomposed,  and  will  form  on  the  screen  m  n,  an 
oblong  figure,  containing  seven  colors,  which  will  be  situated 
in  respect  to  each  other,  as  named  in  the  figure. 

It  may  be  observed  that  of  all  the  colours,  the  red  is  least 
refracted,  or  is  thrown  the  smallest  distance  from  the  direc- 
tion of  the  original  sun  beam,  and  that  the  violet  is  most  re- 
fracted, or  bent  out  of  that  direction. 

The  oblong  image  containing  the  coloured  rays,  is  called 
the  solar  or  prismatic  spectrum. 

That  the  rays  of  the  sun  are  composed  of  the  seven  colors 
above  named,  is  sufliciently  evident  by  the  fact  that  such  a 
ray  is  divided  into  these  several  colours  by  passing  through 
the  prism,  but  in  addition  to  this  proof,  it  is  found  by  experi- 
ment, that  if  these  several  colors  be  blended  or  mixed  togeth- 
er, white  will  be  the  result. 

This  may  be  done  by  mixing  together  seven  powders,  whose 
colors  represent  the  prismatic  colors,  and  whose  quantities  are 
to  each  other,  as  the  spaces  occupied  by  each  colour  in  the 
spectrum.  When  this  is  done,  it  will  be  found  that  the  re- 
sulting color  is  a  greyish  white.  A  still  more  satisfactory 
proof  that  these  seven  colors  form  white,  when  united,  is  ob- 
tained by  causing  the  solar  spectrum  to  pass  through  a  lens, 
by  which  they  are  brought  to  a  focus,  when  it  is  found  that 
the  focus  will  be  the  same  colour  as  it  would  be  from  the 
original  rays  of  the  sun. 

From  the  oblong  shape  of  the  solar  spectrum,  we  learn  that 
each  of  the  colored  rays  is  refracted  in  a  different  degree  by 
passing  through  the  same  medium,  and  consequently  that  each 
ray  has  a  refractive  power  of  its  own.  Thus  from  the  red  to 
the  violet,  each  ray  in  succession,  is  refracted  more  than  the 
other. 

The  prism  is  not  the  only  instrument  by  which  light  can  be 

What  are  the  prismatic  colors,  and  how  do  they  succeed  each  other 
in  the  spectrum?  Which  color  is  refracted  most,  and  which  least ^ 
When  the  several  prismatic  colors  are  blended,  what  colour  is  the  re- 
sult? When  the  solar  spectrum  is  made  to  pass  through  a  lens,  what 
is  the  color  of  the  focus?  How  do  we  learn  that  each  colored  ray  has 
a  refractive  power  of  its  own  ?  By  what  other  means  beside  the  prism, 
can  the  rays  of  light  be  decomposed? 
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decomposed.  A  soap  bubble  blown  up  in  the  sun  will  display 
most  of  the  prismatic  colors.  This  is  accounted  for  by  sup- 
posing that  the  sides  of  the  bubble  vary  in  thickness,  and 
that  the  rays  of  light  are  decomposed  by  these  variations. 
The  unequal  surface  of  mother  of  -pearl,  and  nsany  other  shells^ 
send  forth  colored  rays  on  the  same  principle. 

Two  surfaces  of  polished  glass,  when  pressed  together,  will 
also  decompose  the  light.  Rings  of  coloured  light  will  be  ob- 
served round  the  point  of  contact  between  the  two  surfaces, 
and  their  number  may  be  increased  or  diminished  by  the 
pressure.  Two  pieces  of  common  looking  glass,  pressed  to- 
gether with  the  fingers,  will  display  most  of  the  prismatic 
colors. 

A  variety  of  substances,  when  thrown  into  the  form  of  the 
triangular  prism,  will  decompose  the  rays  of  light,  as  Avell  as 
a  prism  of  glass.  A  very  common  instrument  for  this  purpose 
is  made  by  putting  together  three  pieces  of  plate  glas%  in 
form  of  a  prism.  The  ends  may  be  made  of  wood,  and  the 
edges  cemented  with  putty,  so  as  to  make  the  whole  water 
tight.  When  this  is  filled  with  water  and  held  before  a  sun 
beam,  the  solar  spectrum  will  be  formed,  displaying  the  same 
colors,  and  in  the  same  order  as  that  above  described. 

In  making  experiments  with  prisms  filled  with  different 
kinds  of  liquids,  it  has  been  found  that  one  liquid  will  make 
the  spectrum  longer  than  another  ;  that  is,  the  red  and  violet 
rays,  which  form  the  extremes  of  the  spectrum,  will  be  thrown 
farther  apart  by  one  fluid  than  b)"^  another.  For  example,  if 
the  prism  be  filled  with  oil  of  cassia,  the  spectrum  formed  by 
it  will  be  more  than  twice  as  long  as  that  formed  by  a  prism 
of  solid  glass.  The  oil  of  cassia  is  therefore  said  to  disperse 
the  rays  of  light  more  than  glass,  and  hence  to  have  a  great- 
er dispersive  jjower. 

Tiie  Rainbow.  The  r^-inbow  was  a  phenomenon,  for  which 
the  ancients  were  entirely  unable  to  account ;  but  after  the 
discovery  that  light  is  a  compound  principle,  and  that  its  col- 
ors may  be  separated  by  various  substances,  the  solution  of 
this  phenomenon  became  easy. 
Sir  Isaac  Newton,  after  his  great  discovery  of  the  compound 

How  may  lipfht  be  decomposed  by  two  pieces  of  glass  ?  Of  what 
substances  may  prisms  be  formed,  besides  glass  ?  What  is  said  of  some 
liquids  making  the  spectrum  larg;er  than  others?  What  is  said  of  oil 
of  cassia,  in  this  respect .''  What  discovery  preceded  the  explanation  o£ 
the  rainbow  ? 
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nature  of  light  and  the  different  refrangibihty  of  the  colored 
ravs,  was  able  to  explain  the  rainbow  on  optical  principles. 

If  a  glass  globe  be  suspended  in  a  room,  where  the  rays  of 
the  sun  can  fall  upon  it,  the  light  will  be  decomposed,  or  sepa- 
rated  into  its  several  coloured  rays,  in  the  same  manner  as  is 
done  by  the  prism.  A  well  defined  sj>ectrum  will  not,  how- 
ever, be  formed  by  the  globe,  because  its  shape  is  such  as  to 
disperse  some  of  the  rays,  and  converge  others  ;  but  the  eye, 
by  taking  different  positions  in  respect  to  the  globe,  will  ob- 
serve the  various  prismatic  colours.  Transparent  bodies, 
such  as  glass  and  water,  reflect  the  rays  of  light  from  both 
their  surfaces,  but  chiefly  from  the  second  surface.  That  is, ' 
if  a  plate  of  naked  glass  be  placed  so  as  to  reflect  the  image 
of  the  sun,  or  of  a  lamp  to  the  eye,  the  most  distinct  image 
will  come  from  the  second  surface,  or  that  most  distant  from 
the  eye.  It  will  be  understood  directly,  how  this  principle 
applies  to  the  explanation  of  the  rainbow. 

^  ....  ^^^-  ^'^"'  Suppose   the 

circle  a  b  c,  fig. 
177,  to  represent 
a  globe,  or  a drop 
of  rain,  for  each 
drop  of  rain,  as  it 
\fj  falls  through  the 
air,  is  a  small 
globe  of  water. 
Suppose,  also, 
that  the  sun  is  at 
s,  and  the  eye  of 
™"'  the  spectator  ate. 

Now  it  has  already  been  stated,  that  from  a  single  globe,  the 
whole  solar  spectrum  is  not  seen  in  the  same  position,  but 
that  the  different  colors  are  seen  from  different  places.  Sup- 
pose then,  that  the  ray  of  light  from  the  sun  s,  on  entering 
the  globe  at  a,  is  separated  into  its  primary  colors,  and  at  the 
same  time  the  red  ray,  which  is  the  least  refrangible,  is  refrac- 
ted  in  the  line  from  a  to  b.  From  the  second,  or  inner  sur- 
face of  the  globe,  it  would  be  reflected  to  c,  the  angle  of  re- 

Who  first  explained  the  rainbow  on  optical  principles?  Why  docs 
not  a  glass  globe  form  a  well  defined  spectrum  ?  From  which  surface 
do  transparent  bodies  chiefly  reflect  the  light?  Explain  fig.  177,  and 
show  the  difTerent  refractions,  and  the  reflection  concerned  in  forming 
the  rainbow. 
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flection  being  equal  to  that  of  incidence.  On  passing  out  of 
the  globe,  its  refraction  at  c,  would  be  just  equal  to  the  refrac- 
tion  of  the  incident  ray  at  a,  and  therefore  the  red  ray  would 
fall  on  the  eye  at  e.  AH  the  other  coloured  rays  would  follow 
the  same  law,  but  because  the  angles  of  incidence  and  those 
of  reflection  are  equal,  and  because  the  coloured  rays  are  sepa- 
rated from  each  other,  by  unequal  refraction,  it  is  obvious  that 
if  the  red  ray  entered  the  eye  at  e,  none  of  the  other  colored, 
rays  could  be  seen  from  the  same  point. 

From  this,  it  is  evident,  that  if  the  eye  of  the  spectator  i& 
moved  to  another  position  he  will  not  see  the  red  ray  coming 
from  the  same  drop  of  rain,  but  only  the  blue,  and  if  to  ano~ 
ther  position,  the  green,  and  so  of  all  the  others.  But  in  a 
shower  of  rain,  there  are  drops  at  all  heights,  and  distances, 
and  though  they  perpetually  change  their  places,  in  respect  to. 
the  sun  and  the  eye,  as  they  fall,  still  there  will  be  many 
which  will  be  in  such  a  position  as  to  reflect  the  red  ra|fe  to 
the  eye,  and  as  many  more  to  reflect  the  yellow  rays,  aWiSo 
of  all  the  other  colors. 

Fig.  178.  This  will  be  made 

obvious  by  fig.  178,. 
where,  to  avoid 
confusion,  we  will 
suppose  that  only 
three  drops  of  rain, 
and  consequently,, 
only  three  colors 
are  to  be  seen. 

The  numbers  1, 
2, 3,  are  the  rays  of 
the  sun,  proceeding 
to  the  drops  c,  h, 
c,  and  from  which 
these  rays  are  re. 
fleeted  to  the  eye, 
making  different 
angles  with  the 
liorizontal    line  A» 

In  the  case  supposed,  why  will  only  the  red  ray  meet  the  eye  ?  Sup- 
pose a  person  looking  at  a  rainbow  moves  his  eye,  will  he  see  the  same 
colors  from  the  same  drop  of  rain?  Explain  fig.  178,  and  show  Why 
we  see  different  colors  from  different  drops  of  rain. 
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because  one  colored  ray  is  refracted, more  than  another.  Now 
suppose  the  red  ray  only  reaches  the  eye  from  the  drop  a,  the 
green  from  the  drop  b,  and  the  violet  from  the  drop  c,  then 
the  spectator  would  see  a  minute  rainbow  of  three  colors. 
But  during  a  shower  of  rain,  all  the  drops  which  are  in  the 
position  of  a,  in  respect  to  the  eye,  would  send  forth  red  rays, 
and  no  other,  while  those  in  the  position  of  b,  would  emit 
green  rays,  and  no  other,  and  those  in  the  position  of  c,  violet 
rays,  and  so  of  all  the  other  prismatic  colours.  Each  circle  of 
colours,  of  which  the  rainbow  is  formed,  is  therefore  composed 
of  reflections  from  a  vast  number  of  different  drops  of  rain, 
and  the  reason  why  these  colours  are  distinct  to  our  senses,  is, 
that  we  see  only  one  color  from  a  single  drop,  with  the  eye  in 
the  same  position.  It  follows,  then,  that  if  we  change  our 
position,  while  looking  at  a  rainbow,  we  still  see  a  bow,  but 
not  the  same  as  before,  and  hence,  if  there  are  many  specta- 
tors Jfcey  will  all  see  a  different  rainbow,  though  it  appears 
to  liFthe  same. 

yTThere  are  often  seen  two  rainbows,  the  one  formed  as 
•above  described,  and  the  other,  which  is  fainter,  appearing 
on  the  outside,  or  above  this.  The  secondary  bow,  as  this 
last  is  called,  always  has  its  order  of  colors  the  reverse  of  the 
primary  one.  Thus  the  colors  of  the  primary  bow,  beginning 
with  its  upper,  or  outermost  portion  are  red,  orange,  yellow, 
6ic.  the  lowest,  or  innermost  portion  being  violet,  while  the 
secondary  bow,  beginning  with  the  same  corresponding  part, 
is  colorea  violet,  indigo,  &c.  the  lowest,  or  innermost  circle 
being  red. 

In  the  primary  bow,  we  have  seen,  that  the  coloured  rays 
arrive  at  the  eye  after  two  refractions,  and  one  reflection. 
In  the  secondary  bow,  the  rays  reach  the  eye  after  two  re. 
fractions,  and  two  reflections,  and  the  order  of  the  colors  is 
reversed,  because,  in  this  case,  the  rays  of  light  enter  the 
lower  part  of  the  drop,  instead  of  the  upper  part,  as  in  the 
primary  bow.  The  reason  why  the  colours  are  fainter  in  the 
secondary  than  in  the  primary  bow  is,  because  a  part  of  the 
light  is  lost,  or  dispersed,  at  each  reflection,  and  there  being 
two  reflections,  by  which  this  bow  is  formed,  instead  of  one 
as  in  the  primary,  the  difference  in  brilliancy  is  very  obvious. 

Do  several  persons  see  the  same  rainbow  at  the  same  time  ?  Explain 
the  reason  of  this.  How  are  the  colors  of  the  primary  and  secondary 
bows  arranged  m  respect  to  each  other?  How  many  refractions  and 
reflections  produce  the  secondary  bow .'  Why  is  the  secondary  bow  less 
brilliant  than  the  primary  ? 
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The  direction  of  a  single  ray,  showing  how  the  secondary- 
bow  is  formed,  will  be  seen  at  fig.  179, 
Fig.  179. 

Therayr, 

from  the  sun, 
enters  the 
drop  of  wa- 
ter at  a,  and 
is  refracted 
to  b,  then 
rejlected  to  c, 
then  again 
reflected  to 
d,  where  it 
suffers  an- 
other refrac- 
tion, and  lastly,  passes  to  the  eye  of  the  spectator  at  e. 

The  rainbow,  being  the  consequence  of  the  refractaB  and 
reflected  rays  of  the  sun,  is  never  seen,  except  when  th^un 
and  the  spectator  are  in  similar  directions,  in  respect  to  the. 
shower.  It  assumes  the  form  of  a  semicircle,  because  it  is 
only  at  certain  angles  that  the  refracted  rays  are  visible  to  the 
eye. 

Of  the  colors  of  things.  The  light  of  the  sun,  we  have 
seen,  may  be  separated  into  seven  primary  rays,  each  of 
which  has  a  color  of  its  own,  and  which  is  different  from  that 
of  the  others.  In  the  objects  which  surround  us,  both  natural 
and  artificial,  we  observe  a  great  variety  of  colors,  which  dif- 
fer from  those  composing  the  solar  spectrum,  and  hence  one 
might  be  led  to  believe  that  both  nature  and  art  afford  col- 
ors difierentfrom  those  afforded  by  the  decomposition  of  the 
solar  rays.  But  it  must  be  remembered,  that  the  solar  spec- 
trum contains  only  the  primary  colors  of  nature,  and  that  by 
mixing  these  colors  in  various  proportions  with  each  other, 
an  indefinite  variety  of  tints,  all  differing  from  their  primaries 
may  be  obtained. 

It  appears  that  the  colors  of  all  bodies  depend  on  some  pe- 
culiar  property  of  their  surfaces,  in  consequence  of  which, 
they  absorb  some  af  the  colored  rays,  and  reflect  the  others. 
Had  the  surfaces  of  all  bodies  the  property  of  reflecting  the 

Why  are  the  colors  of  things  different  from  those  of  the  solar  spec- 
trum ?  On  what  do  the  colors  of  bodies  depend  ?  Suppose  all  bodies 
reflected  the  same  raj,  -what  would  be  the  consequence,  in  regard  to 
icolor  ? 
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same  ray  only,  all  naiare  would  display  the  monotony  of  a 
single  celor,  and  our  senses  would  never  have  known  the 
charms  of  that  variety  which  we  now  behold. 

All  bodies  appear  of  the  color  of  that  ray,  or  of  a  tint  de- 
pending on  the  several  rays  which  it  reflects,  while  all  the 
other  rays  are  absorbed,  or,  in  other  terms,  are  not  reflected. 
Black  and  white,  therefore,  in  a  philosophical  sense,  cannot 
be  considered  as  colors,  since  the  first  arise  from  the  absorp- 
tion of  all  the  rays,  and  the  reflection  of  none,  and  the  last  is 
produced  by  the  reflection  of  all  the  rays,  and  the  absorption 
of  none.  But  in  all  colors,  or  shades  of  color,  the  rays  only 
are  reflected,  of  which  the  color  is  composed.  Thus  the  color 
of  grass,  and  the  leaves  of  plants  is  green,  because  the  surfa- 
ces of  these  substances  reflect  only  the  green  rays,  and  ah- 
sorb  all  the  others.  For  the  same  reason  the  rose  is  red,  the 
violet  blue,  and  so  of  all  colored  substances,  everyone  throw- 
ing  «»it  the  ray  of  its  own  color,  and  absorbing  all  the  others. 

To  account  for  such  a  variety  of  colors  as  wc  see  in  differ- 
ent bodies,  it  is  supposed,  that  all  substances,  when  made  suf- 
ficiently thin,  are  transparent,  and  consequently,  that  tiiey 
transmit  through  their  surfaces,  or  absorb,  certain  rays  of 
light,  while  other  rays  are  thrown  back,  or  reflected,  as  above 
described.  Gold,  for  example,  maybe  beat  so  thin  as  to 
transmit  some  of  the  rays  of  light,  and  the  same  is  true  of 
several  of  the  other  metals,  which  are  capable  of  being  ham- 
mered into  thin  leaves.  It  is  therefore,  most  probable,  that 
all  the  metals,  could  they  be  made  sufficiently  thin,  would 
permit  the  rays  of  light  to  pass  through  them.  Most,  if  not 
quite,  all  the  mineral  substances,  though  in  the  mass  they 
may  seem  quite  opaque,  admit  the  light  through  their  edges, 
when  broken,  and  every  kind  of  wood,  when  made  no  thinner 
than  writing  paper,  becomes  translucent.  Thus  we  may  safe- 
ly conclude,  that  every  substance  with  which  we  are  ac- 
quainted, will  admit  the  rays  of  light,  when  made  sufficiently 
thin. 

Transparent,  colorless  substances,  whether  sohd,  or  fluid, 
such  as  glass,  water,  or  mica,  reflect,  and  transmit  hghtof  the 
same  color ;  that  is,  the  light  seen  through  these  bodies,  and 
reflected  from  their  surfaces,  is  white.     This  is  true    of  ail 

Why  are  not  black  ,and  white,  considered  as  colors  •"  Why  is  the  col- 
or of  grass  green  ?  How  is  the  variety  of  colors  accounted  for,  by  con- 
sidering all  bodies  transparent  ?  What  is  said  of  the  reflection  of  col- 
ored light  by  transparent  substances  ? 
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transparent  substances  under  ordinary  circumstances  ;  but  if 
their  thickness  be  diminished  to  a  certain  extent,  these  sub- 
stances will  both  reflect,  and  transmit  colored  light  of  various 
hues,  according  to  their  thickness.  Thus  the  thin  plates  ot 
mica,  which  are  left  on  the  fingers,  after  handling  that  sub- 
stance,  will  reflect  prismatic  rays  of  various  colors. 

There  is  a  degree  of  tenuity,  at  which  transparent  substan- 
ces  cease  to  reflect  any  of  the  colored  rays,  but  absorb,  or 
transmit  them  all,  in  which  case,  they  become  black.  This 
may  be  proved  by  various  experiments.  If  a  soap  bubble  be 
closely  observed,  it  will  be  seen,  that  at  first,  the  thickness  is 
sufficient  to  reflect  the  prismatic  rays  from  all  its  parts,  but  as 
it  grows  thinner,  and  just  before  it  bursts,  there  may  be  seen 
a  spot  on  its  top,  which  turns  black,  thus  transmitting  all  the 
rays  at  that  part,  and  reflecting  none.  The  same  phenome- 
non is  exhibited,  when  a  film  of  air,  or  water,  is  pressed  be- 
tween two  plates  of  glass.  At  the  point  of  contact,  or  where 
the  two  plates  press  each  other  with  the  greatest  force,  there 
will  be  a  black  spot,  while  around  this,  there  may  be  seen  a 
system  of  colored  rings. 

From  such  experiments.  Sir  Isaac  Newton  concluded,  that 
air,  when  below  the  thickness  of  half  a  millionth  of  an  inch, 
ceases  to  reflect  light ;  and  also  that  water,  when  below  the 
thickness  of  three  eighths  of  a  millionth  of  an  inch,  ceases  to 
reflect  light.  But  that  both  air  and  water,  when  their  thick- 
ness  is  in  a  certain  degree  above  these  limits,  reflect  all  the 
colored  rays  of  the  spectrum. 

Now  all  solid  bodies  are  more  or  less  porous,  having  among 
their  particles  either  void  spaces,  or  spaces  filled  with  some 
foreign  matter,  difl^ering  in  density  from  the  body  itself,  such 
as  air,  or  water.  Even  gold  is  not  perfectly  compact,  since 
water  can  be  forced  through  its  pores.  It  is  most  probable, 
then,  that  the  parts  of  the  same  body,  diflfering  in  density, 
either  reflect,  or  transmit  the  rays  of  light  according  to  the 
size,  or  arrangement  of  their  particles  ;  and  in  proof  of  this, 
it  is  found  that  some  bodies  transmit  the  rays  of  one  color, 
and  reflect  those  of  another.  Thus  the  color,  which  passes 
through  a  leaf  of  gold  is  green,  while  that  which  it  reflects  is 
yellow. 

From  a  great  variety  of  experiments  on  this  subject.  Sir 

What  substance  is  mentioned,  as  illustrating  this  fact  ?  When  is  it 
said  that  transparent  substances  become  black  ?  How  is  it  proved  that 
fluids  of  extreme  tenuity,  absorb  all  the  rays  and  reflect  none  ? 
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Isaac  Newton  concludes  that  the  transparent  parts  of  bodies, 
according  to  the  sizes  of  their  transparent  pores,  reflect  rays 
of  one  color,  and  transmit  those  of  another,  for  the  same  rea- 
son that  thin  plates,  or  minute  particles  of  air,  water,  and  some 
other  substances,  reflect  certain  rays,  and  absorb,  or  transmit 
others,  and  that  this  is  the  cause  of  all  their  colors. 

In  connrniation  of  the  truth  of  this  theory,  it  may  be  observ- 
ed,  that  many  substances,  otherwise  opaque,  become  trans- 
parent, by  filling  their  pores  with   some   transparent  fluid. 

Thus  the  stone  called  Hydrophane,  is  perfectly  opaque, 
when  dry,  but  becomes  transparent  when  dipped  in  water  ; 
and  common  writing  paper  becomes  translucent,  after  it  has 
absorbed  a  quantity  of  oil.  The  transparency,  in  these  cases, 
may  be  accounted  for,  by  the  different  refractive  powers 
which  the  water  and  oil  possess,  from  the  stone,  or  paper,  and 
in  consequence  of  which  the  light  is  enabled  to  pass  among 
their  particles  by  refraction. 


ASTRONOMY. 

Astronomy  is  that  science  which  treats  of  the  motions  and 
appearances  of  the  heavenly  bodies  ;  accounts  for  the  pheno- 
mena which  these  bodies  exhibit  to  us,  and  explains  the  laws 
by  which  their  motions,  or  apparent  motions,  are   regulated. 

Astronomy  is  divided  into  Descriptive,  Physical,  and  Prac- 
tical. 

Descriptive  astronomy  demonstrates  the  magnitudes,  distan- 
ces,  and  densities  of  the  heavenly  bodies,  and  explains  the 
phenomena  dependent  on  their  motions,  such  as  the  change 
of  seasons,  and  the  vicissitudes  of  day  and  night. 

Physical  astronomy  explains  the  theory  of  planetary  mo- 
tion,  and  the  laws  by  which  this  motion  is  regulated  and  sus- 
tained. 

Practical  astronomy  details  the  description  and  use  of  as- 
tronomical instruments,  and  developes  the  nature  and  appli- 
cation of  astronomical  calculations. 

The  heavenly  bodies  are  divided  into  three  distinct  classes, 

What  is  the  conclusion  of  Sir  Isaac  Niewton,  concerning  the  tepuity 
at  which  water  and  air  cease  to  reflect  light  ?  What  is  said  of  the  po- 
rous nature  of  solid  bodies  '  What  is  astronomy  ?  How  is  astronomy 
divided  ?  What  does  descriptive  astronomy  teach  ?  What  is  the  ob- 
ject of  physical  astronomy  ?     What  is  practical  astronomy  ? 
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or  systems,  namely,  the  solar  system,  consisting  of  the  sun, 
moon,  and  planets,  the  system  of  the  fixed  stars,  and  the  sys- 
tem  of  the  comets. 

The  Solar  System. 
The  Solar  system  consists  of  the  sun,  and  twenty -nine  other 
bodies,  which  revolve  around  him  at  various  distances,  and  in_^ 
various  periods  of  time. 

The  bodies  which  revolve  around  the  sun  as  a  centre,  are 
called  primary  planets.  Thus  the  Earth,  Venus  and  Mars, 
are  primary  planets.  Those  which  revolve  around  the  prima- 
ry planets,  are  called  secondary  planets,  moons,  or  satellites. 
Our  moon  is  a  secondary  planet  or  satellite. 

The  primary  planets  revolve  around  the  sun  in  the  following 
order,  and  complete  their  revolutions  in  the  following  times, 
computed  in  our  days  and  years.  Beginning  with  that  nearest 
the  sun.  Mercury  performs  his  revolution  in  87  days  and  23 
hours  ;  Venus,  in  224  days,  17  hours  ;  the  Earth,  attended  by 
the  moon,  in  365  days,  6  hours  ;  Mars,  in  1  year,  322  days  ; 
Ceres,  in  4  years,  7  months,  and  10  days  ;  Pallas,  in  4  years, 
7  months,  and  10  days ;  Juno,  in  4  years  and  128  days ; 
Vesta,  in  3  years,  66  days,  and  4  hours  ;  Jupiter,  in  1 1  years, 
315  days,  and  15  hours ;  Saturn,  in  29  years,  161  days,  and 
19  hours  ;  Herschel,  in  83  years,  342  days,  and  4  hours. 

A  year  consists  of  the  time  which  it  takes  a  planet  to  per- 
form one  complete  revolution  through  its  orbit,  or  to  pass  once 
around  the  sun.  Our  earth  performs  this  revolution  in  365 
days,  and  therefore  this  is  the  period  of  our  year.  Mercury 
completes  her  revolution  in  88  days,  and  therefore  her  year  is 
no  longer  than  88  of  our  days.  But  the  planet  Herschel  is 
situated  at  such  a  distance  from  the  sun,  that  his  revolution  is 
not  completed  in  less  than  about  84  of  our  years.  The  other 
planets  complete  their  revolutions  in  various  periods  of  time, 
between  these  ;  so  that  the  time  of  these  periods,  is  generally 
in  proportion  to  the  distance  of  each  planet  from  the  sun. 

Ceres,  Pallas,  Juno,  and  Vesta,  are  the  smallest  of  all  the 
planets,  and  are  called  Asteroids. 

How  are  the  heavenly  bodies  divided?  Of  what  does  the  solar  sys- 
tem consist?  What  are  the  bodies  called,  which  revolve  around  the 
sun  as  a  centte  ?  What  are  those  called,  which  revolve  around  these 
primaries  as  a  centre?  In  what  order  are  the  several  planets  situated, 
in  respect  to  the  sun  ?  How  long  does  it  take  each  planet  to  make  its 
revolution  around  the  sun  ?  What  is  a  year  ?  What  planets  are  called 
asteroids  ? 
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Besides  the  above  enumerated  primary  planets,  our  system 
contains  eighteen  secondary  planets,  or  moons.  Of  these, 
our  Earth  has  one  moon,  Jupiter  four,  Saturn  seven,  and 
Herschel  six.  None  of  these  moons,  except  our  own,  and 
one  or  two  of  Satums,  can  be  seen  without  a  telescope.  The 
seven  other  planets,  so  far  as  has  been  discovered,  are  entire- 
ly without  moons. 

All  the  planets  move  around  the  sun,  from  east  to  west,  and 
in  the  same  direction  do  the  moons  revolve  around  their  pri- 
maries, with  the  exception  of  those  of  Herschel,  which^appear 
to  revolve  in  a  contrary  direction. 

The  paths  in  which  the  planets  move  round  the  sun,  and 
in  which  the  moons  move  round  their  primaries,  are  called 
their  orbits.  These  orbits  are  not  exactly  circular,  as  they 
are  commonly  represented  on  paper,  but  are  elliptical,  or  oval, 
so  that  all  the  planets  are  nearer  the  sun,  when  in  one  part 
of  their  orbits,  than  when  in  another. 

In  addition  to  their  annual  revolutions,  some  of  the  planets 
are  known  to  have  diurnal,  or  daily  revolutions,  Hke  our  earth. 
The  periods  of  these  daily  revolutions  have  been  ascertained 
in  several  of  the  planets,  by  spots  on  their  surfaces.  But 
where  no  such  mark  is  discernible,  it  cannot  be  ascertained 
whether  the  planet  has  a  daily  revolution  or  not,  though  this 
has  been  found  to  be  the  case,  in  every  instance  where  spots 
axe  seen,  and  therefore  there  is  little  doubt  but  all  have  a  dai- 
ly, as  well  as  a  yearly  motion. 

The  axis  of  a  planet  is  an  imaginary  line  passing  through 
its  centre,  and  about  which  its  diurnal  revolution  is  perform- 
ed.    The  poles  of  the  planets,  are  the  extremities  of  this  axis. 

The  orbits  of  Mercury  and  Venus  are  within  that  of  the 
earth,  and  consequently  they  are  called  inferior  planets.  The 
orbits  of  all  the  other  planets  are  without,  or  exterior  to  that 
of  the  earth,  and  these  are  called  superior  planets. 

That  the  orbits  of  Mercury  and  Venus,  are  within  that  of 
the  earth,  is  evident  from  the  circumstance,  that  they  are 
never  seen  in  opposition  to  the  sun,  that  is,  they  never  appear 

How  many  moons  does  our  system  contain  ?  Which  of  the  planets 
are  attended  by  moons,  and  how  many  has  each  ?  In  what  direction 
do  the  planets  move  around  the  sun  ?  What  is  the  orbit  of  a  planet? 
What  revolutions  have  the  planets,  besides  their  yearly  revolutions? 
Have  all  the  planets  diurnal  revolutions  ?  How  is  it  known  that  the 
planets  have  daily  revolutions  ?  What  is  the  axis  of  a  planet '  What 
is  the  pole  of  a  planet?  Which  are  the  superior,  and  which  the  infe- 
rior planets  ? 
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in  the  west,  when  the  sun  is  in  the  east.  On  the  contrary, 
the  orbits  of  all  the  other  planets  are  proved  to  be  outside  of 
the  earth's,  since  these  planets  are  sometimes  seen  in  oppo- 
sition to  the  sun. 

^'^-  ^^"-  This  will  be  understood 

by  fig.  180,  where  suppose 
s  to  be  the  sun,  m  the  orbit 
of  Mercury  or  Venus,  e  the 
orbit  of  the  earth,  and  j  that 
of  Jupiter.  Now  it  is  evi- 
dent,  that  if  a  spectator  be 
placed  any  where  in  the 
earth's  orbit,  as  at  c,  he  may 
sometimes  see  Jupiter  in  op- 
position to  the  sun,  as  at  j, 
because  then  the  spectator 
would  be  between  Jupiter 
and  the  sun.  But  the  or- 
bit of  Venus,  being  surrounded  by  that  of  the  earth,  she  nev- 
er can  come  in  opposition  to  the  sun,  or  in  that  part  of  the 
heavens  opposite  to  him,  as  seen  by  us,  because  our  earth 
never  passes  between  her  and  the  sun. 

It  has  already  been  stated,  that  the  orbits  of  the  planets  are 
elliptical,  and  that  consequently,  these  bodies  ire  sometimes 
nearer  the  sun  than  at  others.  An  ellipse,  or  oval,  has  two 
foci,  and  the  sun,  instead  of  being  in  the  common  centre,  is 
always  in  the  lower  foci  of  their  orbits. 

~  The  orbit  of  a  planet  is 

represented  by  fig.  181, 
where  a,  d,  b,  e  is  an  el- 
lipse, with  its  two  foci,  s 
and  0,  the  sun  being  in  the 
focus  s,  which  is  called  the 
lower  focus. 

When  the  earth,  or  any 
other  planet,  revolving 
around  the  sun,  is  in  that 
part  of  its  orbit  nearest  the 


How  is  it  proved  that  the  inferior  planets  are  within  the  earth's  orbit, 
and  the  superior  ones  without  it?  Explain  fig.  180,  and  show  why  the 
inferior  planeta  never  can  be  in  opposition  to  the  sun.  What  are  the 
shapes  of  the  plimotary  orbits  ?    "What  is  meant  by  perihelion  > 
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sun,  as  at  a,  it  is  said  to  be  in  its  perihelion ;  and  when  in  that 
part  which  is  at  the  greatest  distance  from  the  sun,  as  at  h,  it 
is  said  to  be  in  its  aphelion.  The  line  s,  d,  is  the  mean,  or 
average  distance  of  the  planet's  orbit  from  the  sun. 

Ecliptic.  The  planes  of  the  orbits  of  all  the  planets  pass 
through  the  centre  of  the  sun.  The  plane  of  an  orbit  is  an 
imaginary  surface,  passing  from  one  extremity  or  side  of  the 
orbit,  to  the  other.  If  the  rim  of  a  drum  head  be  considered 
the  orbit,  its  plane  would  be  the  parchment  extended  across 
it,  on  which  the  drum  is  beaten. 

Let  us  suppose  the  earth's  orbit  to  be  such  a  plane,  cutting 
the  sun  through  his  centre,  and  extending  out  on  every  side 
to  the  starry  heavens ;  the  great  circle  so  made,  would  mark 
the  line  of  the  ecliptic,  or  the  sun's  apparent  path  through  the 
heavens. 

This  circle  is  called  the  sun's  apparent  path,  because  the 
revolution  of  the  earth  gives  the  sun  the  appearance  of  pass- 
ing through  it.  It  is  called  the  ecliptic,  because  eclipses  hap- 
pen, when  the  moon  is  in,  or  near  this  apparent  path. 

Zodiac.  The  Zodiac  is  an  imaginary  belt,  or  broad  circle, 
extending  quite  around  the  heavens.  The  ecliptic  divides  the 
zodiac  into  two  equal  parts,  the  zodiac  extending  8  degrees 
on  each  side  of  the  ecliptic,  and  therefore  is  16  degrees  wide. 
The  zodiac  is  divided  into  12  equal  parts,  called  the  signs  oj 
thi  zodiac. 

The  sun  appears  every  year  to  pass  around  the  great  circle 
of  the  ecliptic,  and  consequently,  through  the  VZ  constella- 
tions,  or  signs  of  the  zodiac.  But  it  will  be  seen,  in  another 
place,  that  the  sun,  in  respect  to  the  earth,  stands  still,  and 
that  his  apparent  yearly  course  through  the  heavens  is  caused 
by  the  annual  revolution  of  the  earth  around  its  orbit. 

To  understand  the  cause  of  this  deception,  let  us  suppose 

What  is  the  plane  of  an  orbit?  Explain  what  is  meant  by  the  eclip- 
tic. Why  is  the  ecliptic  called  the  sun's  apparent  path  ?  What  is  the 
zodiac .'  How  does  the  ecliptic  divide  the  zodiac  ?  How  far  does  the 
zodiac  extend,  on  each  side  of  the  ecliptic? 
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that  s,  fig.  182,  is  the  sun,  a  6,  a  part 
of  the  circle  of  the  ecUptic,  aad  c  d, 
a  part  of  the   earth's  orbit.     Now 
^if  a  spectator  be  placed  at  c,  he  will 
/  see  the  sun,  in  that  part  of  the  eclipi 

/  tic  marked  by  b,  but  when  the  earth 

/  moves,  in  her  annual  revolution  to  d^ 

/  the  spectator  will  see  the  sun  in  that 

part  of  the  heavens  marked  by  a ; 
J  so  that  the  motion  of  the  earth  in  one 

^S  direction,  will  give  the  sun  an  appa- 

rent motion  in  the  contrary  direc- 
tion. 

A  sign,  or  constellation,  is  a  col- 
lection of  fixed  stars,  and  as  we  have 
already  seen,  the  sun  appears  to  move 
through  the  twelve  signs  of  the  zodiac  every  year.  Now  the 
sun's  place  in  the  heavens,  or  zodiac,  is  found  by  his  apparent 
conjunction,  or  nearness  to  any  particular  star  in  a  constella- 
tion. Suppose  a  spectator  at  c,  observes  the  sun  to  be  nearly 
in  a  line  with  the  star  at  h,  then  the  sun  would  be  near  a  par- 
ticular star  in  a  certain  constellation.  When  the  earth  moves 
to  d,  the  sun's  place  would  assume  another  direction,  and  he 
would  seem  to  have  moved  into  another  constellation,  and 
near  the  star  a. 

Each  of  the  12  signs  of  the  zodiac  is  divided  into  30  small- 
er  parts,  called  degrees ;  each  degree  into  60  equal  parts, 
called  minutes,  and  each  minute  into  60  parts,  called  seconds. 
The  division  of  the  zodiac  into  bigns,isof  very  ancient  date, 
each  sign  having  also  received  the  name  of  some  animal,  or 
thing,  Avhich  the  constellation,  forming  thatsign,  was  supposed 
to  resemble.  It  is  hardly  necessary  to  say,  that  this  is  chiefly 
the  result  of  imagination,  since  the  figures  made  by  the  places 
of  the  stars,  never  mark  the  outlines  of  the  figures  of  animals, 
or  other  things.  This  is,  however,  found  to  be  the  most  con- 
venient meth'od  of  finding  any  particular  star,  for  among  as- 
tronomers,  any  star,  in  each  constellation,  may  be  designated 
by  describing  the  part  of  the  animal  in  which  it  is  situated. 

Explain  fig.  182,  and  show  why  the  sun  seems  to  pass  through  the 
ecliptic,  when  the  earth  only  revolves  around  the  sun.  What  is  a  con- 
stellation, or  sign.^  How  is  the  sun's  apparent  place  m  the  heavens 
found  ?  Into  how  many  parts,  are  the  signs  of  the  zodiac  divided,  and 
what  are  these  parts  called  .' 
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Thus,  by  knowing  how  many  stars  belong  to  the  constellation 
Leo,  or  the  Lion,  we  readily  know  what  star  is  meant  by  that 
which  is  situated  on  the  Lion's  ear  or  tail. 

The  names  of  the  12  signs  of  the  zodaic  are  Aries,  Taurus, 
Gemini,  Cancer,  Leo,  Virgo,  Libra,  Scorpio,  Sagittarius, 
Capricorn,  Aquarius,  and  Pisces.  The  common  names,  or 
meaning  of  these  words,  in  the  same  order,  are,  the  Ram, 
the  Bull,  the  Twins,  the  Crab,  the  Lion,  the  Virgin,  the  Scales, 
the  Scorpion,  the  Archer,  the  Goat,  the  Waterer,  and  the 
Fishes. 

Fig.  183. 


The  12  signs  of  the  zodiac,,  together  with  the  sun,  and  the 
earth  revolving  around  him,  are  represented  at  fig.  183.  When 
the  earth  is  at  A,  the  sun  will  appear  to  be  just  entering  the 

Is  there  any  resemblance  between  the  places  of  the  stars,  and  the 
figures  of  the  animals  after  which  they  are  called  .'  Explain  why  this 
is  a  convenient  method  of  finding  any  particular  star  in  a  sign.  What 
are  the  names  of  the  12  signs  ? 
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sign  Ariea,  because  then,  when  seen  from  the  earth,  he  ranges 
towards  certain  stars  at  the  beginning  of  that  constellation. 
When  the  earth  is  at  C,  the  sun  will  appear  in  the  opposite 
part  of  the  heavens,  and  therefore  in  the  beginning  of  Libra. 
The  middle  line,  dividing  the  circle  of  the  zodiac  into  equal 
parts,  is  the  line  of  the  ecliptic. 

Density  of  the  Planets.  Astronomers  have  no  means  of 
ascertaining  whether  the  planets  are  composed  of  the  same 
kind  of  matter  as  our  earth,  or  whether  their  surfaces  are 
clothed  with  vegetables  and  forests,  or  not.  They  have, 
however,  been  able  to  ascertain  the  densities  of  several  of 
them,  by  observations  on  their  mutual  attraction.  By  density, 
is  meant  compactness,  or  the  quantity  of  matter  in  a  given 
space.  When  two  bodies  are  of  equal  bulk,  that  which  weighs 
most,  has  the  greatest  density.  It  was  shown,  while  treating 
of  the  properties  of  bodies,  that  substances  attract  each  other, 
in  proportion  ,to  the  quantities  of  matter  they  contain.  If, 
therefore,  we  know  the  dimensions  of  several  bodies,  and  can 
ascertain  the  proportion  in  which  they  attract  each  other, 
their  quantities  of  matter,  or  densities,  are  easily  found. 

Thus,  when  the  planets  pass  each  other,  in  their  circuits 
through  the  heavens,  they  are  often  drawn  a  little  out  of  the 
lines  of  their  orbits  by  mutual  attraction.  As  bodies  attract  in 
proportion  to  their  quantities  of  matter,  it  is  obvious  that  the 
small  planets,  if  of  the  same  density,  will  suffer  greater  disturb, 
ance  from  this  cause,  than  the  large  ones.  But  suppose  two 
planets,  of  the  same  dimensions,  pass  each  other,  and  it  is 
found  that  one  of  them  is  attracted  twice  as  far  out  of  its  or- 
bit  as  the  other,  then,  by  the  known  laws  of  gravity,  it  would 
be  inferred,  that  one  of  them  contained  twice  the  quantity  of 
matter  that  the  other  did,  and  therefore  that  the  density  of  the 
one  was  twice  that  of  the  other. 

By  calculations  of  this  kind,  it  has  been  found,  that  the 
density  of  the  sun  is  but  a  little  greater  than  that  of  water, 
while  Mercury  is  more  than  nine  times  as  dense  as  water, 
havinf'  a  specific  gravity  nearly  equal  to  that  of  lead.  The 
earth  has  a  density  about  five  times  greater  than  that  of  the 
sun,  and  a  little  less  than  half  that  of  Mercury.     The  densi- 

Explain  why  the  sun  will  be  in  the  beginning  of  Aries,  when  the 
earth  is  at  A.  tig.  184.  How  has  the  density  of  the  planets  been  ascer- 
tained ?  What  is  meant  by  density  f  In  what  proportion  do  bodies 
attract  each  other  ?  How  are  the  densities  of  the  planets  ascertained  ? 
What  is  the  density  of  the  sun,  of  Mercury,  and  of  the  earth  f 
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ties  of  the  other  planets  seem  to  diminish  in  proportion  as 
their  distances  from  the  sun  increase,  the  density  of  Saturn, 
one  of  the  most  remote  of  the  planets,  being  only  about  one 
third  that  of  water. 

Tlie  Sun. 

The  sun  is  the  centre  of  the  solar  system,  and  the  great 
dispenser  of  heat  and  light  to  all  the  planets.  Around  the 
sun  all  the  planets  revolve,  as  around  a  common  centre,  he 
being  the  largest  body  in  our  system,  and,  so  far  as  we  know, 
the  largest  in  the  universe. 

The  distance  of  the  sun  from  the  earth  is  95  millions  of 
miles,  and  his  diameter  is  estimated  at  880,000  miles.  Our 
globe,  when  compared  with  the  magnitude  of  the  sun,  is  a 
mere  point,  for  his  bulk  is  about  thirteen  hundred  thousand 
times  greater  than  that  of  the  earth.  Were  the  sun's  centre 
placed  in  the  centre  of  the  moon's  orbit,  his  circumference 
would  reach  two  hundred  thousand  miles  beyond  her  orbit  in 
every  direction,  thus  filling  the  whole  space  between  us  and 
the  moon,  and  extending  nearly  as  far  beyond  her,  as  she  is 
from  us.  A  traveller,  who  should  go  at  the  rate  of  90  miles 
a  day,  would  perform  a  journey  of  nearly  33,000  miles  in  a 
year,  and  yet  it  would  take  such  a  traveller  more  than  80 
years  to  go  round  the  circumference  of  the  sun.  A  body  of 
such  mighty  dimensions,  hanging  on  nothing,  it  is  certain, 
must  have  emanated  from  an  Almighty  power. 

The  sun  appears  to  move  around  the  earth,  every  24  hours, 
rising  in  the  east,  and  setting  in  the  west.  This  motion,  as 
will  be  proved  in  another  place,  is  only  apparent,  and  arises 
from  the  diurnal  revolution  of  the  earth. 

The  sun,  although  he  does  not,  like  the  planets,  revolve  in 
an  orbit,  is,  however,  not  without  motion,  having  a  revolution 
around  his  own  axis,  once  in  25  days  and  10  hours.  Both  the 
fact  that  he  has  such  a  motion,  and  the  time  in  which  it  is  per- 
formed, have  been  ascertained  by  the  spots  on  his  surface. 
If  a  spot  is  seen,  on  a  revolving  body,  in  a  certain  direction, 
it  is  obvious,  that  when  the  same  spot  is  again  seen,  in  the 

In  what  proportions  do  the  densities  of  the  planets  appear  to  dimin- 
ish ?  Where  is  the  place  of  the  sun,  in  the  solar  system  ?  What  is  the 
distance  of  the  sun  from  the  earth  ?  What  is  the  diameter  of  the  sun.' 
Suppose  the  centre  of  the  sun  and  that  of  the  moon's  orbit  to  be  coinci- 
dent, how  far  would  the  sun  extend  beyond  the  moon's  orbit  ?  How  is 
it  proved  that  the  sun  has  a  motion  around  his  own  axis  ?  How  often 
does  the  sun  revolve .'' 
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same  direction,  that  the  body  has  made  one  revolution.  By 
such  spots  the  diurnal  revoUitions  of  the  planets,  as  well  as 
the  sun,  have  been  determined. 

Spots  on  the  sun  seem  first  to  have  been  observed  in  the 
year  1611,  since  which  time,  they  have  constantly  attiacted 
the  attention,   and  have  been  the  subject  of  investigation 
among  astronomers.    These  spots  change  their  appearance  as 
the  sun  revolves  on  his  axis,  and  become  greater,  or  less,  to 
an  observer,  on  the  earth,  as  they  are  turned  to,  or  from  him ; 
they  also  change  in  respect  to  real  magnitude  and  number : 
one  spot,  seen  by  Dr.   Herschel,  was  estimated  to  be  more 
than  six  times  the  size  of  our  earth,  being  50,000  miles  in 
diameter.     Sometimes  forty  or  fifty  spots  may  be  seen  at  the 
same  time,  and  sometimes  only  one.     They  are  often  so  large 
as  to  be  seen  with  the  naked  eye;  this  was  the  case  in  1816. 
In  respect  to  the  nature  and  design  of  these  spots,  almost 
every  astronomer  has  formed  a  different  theory.     Some  have 
supposed  them  to  be  solid  apaque  masses  of  scoriae,  floating  in 
the  liquid  fire  of  the  sun  ;  others  as  satellites,  revolving  round 
him,  and  hiding  his  light  from  us;  others  as  immense  masses, 
which  have  fallen  on  his  disc,  and  which  are  dark  colored  be- 
cause they  have  not  yet  become  suflSciently  heated.     In  two 
instances,  these  spots  have  been  seen  to  burst  into  several 
parts,  and  the  parts  to  fly  in  several  directions,  like  a  piece  of 
ice  thrown  upon   the  ground.     Others  have  supposed  that 
these  dark   spots  were  the  body  of  the  sun,  which  became 
visible  in   consequence  of  openings  through  the  fiery  matter, 
with  which  he  is  surrounded.     Dr.  Herschel,  from  manyob- 
servations  by  his  great  telescope,  concludes,  that  the  shining 
matter  of  the  sun  consists  of  a  mass  of  phosphoric  clouds,  and 
that  the  spots  on  his  surface,  are  owing  to  disturbances  in  the 
equilibrium  of  this  luminous  matter,  by  which  openings  are 
made  through  it.     There  are,  however,  objections  to  this  the- 
ory, as  indeed  there  are  to  all  the  others,  and  at  present  it 
can  only  be  said,  that  no  satisfactory  explanation  of  the  cause 
of  these  spots  has  been  given. 

That  the  sun,  at  the  same  time  that  he  is  the  great  source 
of  heat  and  light  to  all  the  solar  worlds  may  yet  be  capable  of 
supporting  animal  life,  has  been  the  favourite  doctrine  of  seve- 

When  were  spots  on  the  sun  first  observed?  What  has  been  the  dif- 
ference in  the  number  of  spots  observed?  What  was  the  size  of  the 
spot  seen  by  Ur.  Herschel?  What  has  been  advanced  concerning  the 
nature  of  these  spots  ?     Have  they  been  accounted  for  satisfactorily  ? 
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ral  able  astronomers.  Dr.  "Wilson  first  suggested,  that  this 
might  be  the  case,  and  Dr.  Herschel,  with  his  great  telescope, 
made  observations  which  confirmed  him  in  this  opinion.  The 
latter  astronomer  supposed  that  the  functions  of  the  sun,  as 
the  dispenser  of  light  and  heat,  might  be  performed  by  a  lumi- 
nous, or  phosphoric  atmosphere,  surrounding  him  at  many 
hundred  miles  distance,  while  his  solid  nucleus  might  be  fit- 
ted  for  the  habitations  of  millions  of  reasonable  beings.  This 
doctrine  is  however,  rejected  by  most  writers  on  the  subject 
at  the  present  day. 

Mercury. 

Mercury,  the  planet  nearest  the  sun,  is  about  3000  miles  in 
diameter,  and  revolves  around  him,  at  the  distance  of  37 
millions  of  miles.  The  period  of  his  annual  revolution  is  87 
days,  and  he  turns  on  his  axis  once  in  about  24  days. 

The  nearness  of  this  planet  to  the  sun,  and  the  short  time 
his  fully  illuminated  disc  is  turned  towards  the  earth,  has  pre- 
vented  astronomers  from  making  many  observations  on  him. 

No  signs  of  an  atmosphere  have  been  observed  in  this 
planet.  The  sun's  heat  at  Mercury  is  about  seven  times  great- 
er than  it  is  on  the  earth,  so  that  water,  if  nature  follows  the 
same  laws  there,  that  she  does  here,  cannot  exist  at  Mercury, 
except  in  the  state  of  steam. 

The  nearness  of  this  planet  to  the  sun,  prevents  his  being 
often  seen.  He  may,  however,  sometimes  be  observed  just 
before  the  rising,  and  a  little  after  the  setting  of  the  sun.  When 
seen  after  sunset,  he  appears  a  brilliant,  twinkling  star,  show- 
ing a  white  light,  which,  however,  is  much  obscured  by  the 
glare  of  twilight.  When  seen  in  the  morning,  before  the  ri- 
sing of  the  sun,  his  light  is  also  obscured  by  the  sun's  rays. 

Mercury,  sometimes  crosses  the  disc  of  the  sun,  or  comes 
between  the  earth  and  that  luminary,  so  as  to  appear  like  a 
small  dark  spot  passing  over  the  sun's  face.  This  is  called 
the  transit  of  Mercury. 

Venus. 
Venus  is  the  other  planet,  whose  orbit  is  within  that  of  the 

What  is  said  concerning  the  sun's  being  a  habitable  globe  ?  What  is 
the  diameter  of  Mercury,  and  what  are  his  periods  of  annual  and  diurnal 
revolution  ?  How  great  is  the  sun's  heat  at  Mercury  ?  At  what  times 
is  Mercury  to  to  be  seen  ?     What  is  a  transit  of  Mercury  ? 
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€arth.     Her  diameter  is  about  8600  miles,  being  somewhat 
larger  than  the  earth. 

Her  revolution  around  the  sun  is  performed  in  224  days,  at 
the  distance  of  66  millions  of  miles  from  him.  She  turns  on 
her  axis  once  in  23  hours,  so  that  her  day  is  a  little  shorter 
than  ours. 

Venus,  as  seen  from  the  earth,  is  the  most  brilliant  of  all  the 
primary  planets,  and  is  better  known  than  any  nocturnal  lumi- 
nary except  the  moon.  When  seen  through  a  telescope,  she 
exhibits  the  phases,  or  horned  appearance  of  the  moon,  and  her 
face  is  sometimes  variegated  with  dark  spots.  Venus  may 
often  be  seen,  in  the  day  time,  even  when  she  is  in  the  vicini- 
ty of  the  blazing  light  of  the  sun.  A  luminous  appearance 
around  this  planet,  seen  at  certain  times,  proves  that  she  has 
an  atmosphere.  Some  of  her  mountains  are  several  times 
more  elevated  than  any  on  our  globe,  being  from  10  to  22 
miles  high.  Venus  sometimes  makes  a  transit  across  the 
sun's  disc,  in  the  same  manner  as  Mercury,  already  de- 
scribed. The  transits  of  Venus  occur  only  at  distant  periods 
from  each  other.  The  last  transit  was  in  1769,  and  the  next 
will  not  happen  until  1874.  These  transits  have  been  ob- 
served by  astronomers  with  the  greatest  care  and  accuracy, 
since  it  is  by  observations  on  them,  that  the  true  distances  of 
the  earth  and  planets  from  the  sun,  are  determined. 

When  Venus  is  in  that  part  of  her  orbit,  which  gives  her 
the  appearance  of  being  west  of  the  sun,  she  rises  before  him, 
and  is  then  called  the  morning  star  ;  and  when  she  appears 
east  of  the  sun,  she  is  behind  him  in  her  course,  and  is  then 
called  the  evening  star.  These  periods  do  not  agree,  either 
with  the  yearly  revolution  of  the  earth,  or  of  Venus,  for  she  is 
alternately  290  days  the  morning  star,  and  290  days  the  even- 
ing star.  The  reason  of  this  is,  that  the  earth  and  Venus 
move  round  the  sun  in  the  same  direction,  and  hence  her  re- 
lative motion,  in  respect  to  the  earth,  is  much  slower  than  her 
absolute  motion  in  her  orbit.  If  the  earth  had  no  yearly 
motion,  Venus  would  be  the  morning  star  one  half  of  her  year, 
and  the  evening  star  the  other  half. 

Where  is  the  orbit  of  Veiius,  in  respect  to  that  of  the  earth  ?  What 
is  the  time  of  Venus'  revolution  round  the  sun  ?  How  often  does  she 
turn  on  her  axis .'  What  is  said  of  the  height  of  the  mountains  in  Ve- 
nus ?  On  what  account  are  the  transits  of  Venus  observed  with  great 
care  ?  When  is  Venus  the  morning,  and  when  the  evening  star?  How 
long  is  Venus  the  morning,  and  how  long  the  evening  star  ? 
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The  Earth. 

The  next  planet  in  our  system,  nearest  the  sun,  is  the  Earth. 
This  planet  revolves  around  him  in  365  ^ays,  5  hours,  and 
48  minutes  ;  and  at  the  distance  of  95  millions  of  miles. 
It  turns  round  its  own  axis  once  in  24  hours,  making  a 
day  and  a  night.  The  Earth's  revolution  round  the  sun,  is 
called  its  annual,  or  yearly  motion,  because  it  is  performed 
in  a  year ;  while  the  revolution  around  its  own  axis,  is 
called  the  diurnal,  or  daily  motion,  because  it  takes  place 
every  day.  The  figure  of  the  earth,  with  the  phenomena  con- 
nected with  her  motion,  will  be  explained  in  another  place. 
The  Moon. 

The  Moon,  next  to  the  sun,  is,  to  us,  the  most  brilliant,  and 
interesting  of  all  the  celestial  bodies.  Being  the  nearest  to 
liS,  of  any  of  the  heavenly  orbs,  and  apparently  designed  for 
our  use,  she  has  been  observed  with  great  attention,  and  many 
of  the  phenomena  which  she  presents,  are  therefore  better 
understood  and  explained,  than  those  of  the  other  planets. 

While  the  earth  revolves  round  the  sun  in  a  year,  it  is  at- 
tended by  the  Moon,  which  makes  a  revolution  round  the 
earth  once  in  27  days  7  hours  and  43  minutes.  The  distance 
of  the  Moon  from  the  earth  is  240,000  miles,  and  her  diameter 
about  2000  miles. 

Her  surface,  when  seen  through  a  telescope,  appears  diver- 
sified with  hills,  mountains,  valleys,  rocks,  and  plains,  present- 
ing a  most  interesting  and  curious  aspect:  but  the  explana- 
tion  of  these  phenomena  are  reserved  for  another  section. 

Mars. 

The  next  planet  in  the  solar  system,  is  Mars,  his  orbit 
surroundingthatqf  the  earth.  The  diameter  of  this  planet 
is  upwards  of  4000  miles,  being  about  half  that  of  the  earth. 
The  revolution  of  Mars  around  the  sun  is  performed  in  nearly 
687  days,  or  in  somewhat  less  than  two  of  our  years,  and  he 
turns  on  his  axis  once  in  24  hours  and  40  minutes.     His  mean 

How  long  does  it  take  the  earth  to  revolve  round  the  sun  ?  What  is 
meant  by  the  earth's  annual  revolution,  and  what  by  her  diurnal  revo- 
lution ?  Why  are  the  phenomena  of  the  moon  better  explained  than 
those  of  the  other  planets  ?  In  what  time  is  a  revolution  of  the  moon 
about  the  earth  performed  ?  What  is  the  distance  of  the  moon  from  the 
earth  ?  Wliat  is  the  diameter  of  Mare  ?  How  much  longer  is  a  year 
at  Mars  than  our  year  ? 
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distance  from  the  sun  is  144  millions  of  miles,  so  thaX  he  moves 
in  his  orbit  at  the  rate  of  about  55,000  miles  in  an  hour.  The 
days  and  nights,  jlt  this  planet,  and  the  different  seasons  of 
the  year,  bear  a  considerable  resemblance  to  those  of  the 
earth.  The  density  of  Mars  is  less  than  that  of  the  earth, 
being  only  three  times  that  of  water. 

Mars  reflects  a  dull  red  light,  by  which  he  may  be  distin- 
guished  from  the  other  planets.  His  appearance,  through  the 
telescope,  is  remarkable  for  the  great  number  and  variety  o£ 
spots  which  his  surface  presents. 

Mars  has  an  atmosphere  of  great  density  and  ex*  ent,  as  is 
proved  by  the  dim  appearance  of  the  fixed  stars,  rchen  seen 
through  it.  When  any  of  the  stars  are  seen  nearly  in  a  line 
with  this  planet,  they  give  a  faint,  obscure  ligl/t,  and  the 
nearer  they  approach  the  line  of  his  disc,  the  fainter  is  their 
light,  until  the  star  is  entirely  obscured  from  the  sight. 

This  planet  sometimes  appears  much  large /to  us,  than  at 
others,  and  this  is  readily  accounted  for  by  his  greater,  or  less 
distance.  At  his  nearest  approach  to  the  earth,  his  distance 
is  only  50  millions  of  miles,  while  his  greatest  distance  is  240 
millions  of  miles  ;  making  a  difference  in  his  distance  of  190 
millions  of  miles,  or  the  diameter  of  the  earth's  orbit. 

The  sun's  heat  at  this  planet,  is  less  than  half  that  which 
we  enjoy. 

To  the  inhabitants  of  Mars,  our  planet  appears  alternately 
as  the  morning  and  evening  star,  as  Venus  does  to  us. 

VestQ,  Juno,  Pallasy  and  Ceres. 

These  planets  were  unknown  until  recently,  and  are  there- 
fore  sometimes  called  the  new  planets-  It  has  been  mention- 
ed, that  they  are  also  called  Asteroids.     ^. 

The  orbit  of  Vesta  is  next  in  the  solar  system  to  thjit  of 
Mars.  This  planet  was  discovered  by  Dr.  Olbers,  of  Bremen, 
in  1807.  The  hght  of  Vesta  is  of  a  pure  white,  and  in  a  clear 
night  she  may  be  seen  wnth  the  naked  eye,  appearing  about 
the  size  of  a  star  of  the  5th  or  6th  magnitude.  Her  revolu- 
tion round  the  sun  is  performed  in  3  years  and  06  days,  at 
the  distance  of  223  millions  of  miles  from  him. 

What  is  his  rate  of  motion  in  his  orbit  ?  What  is  his  appearance 
through  the  telescope  ?  How  is  it  proved  that  Mars  has  an  atmosphere 
of  great  density  ?  Why  does  Mars  sometimes  appear  to  us  larger  than 
at  others '  How  great  is  the  sun's  heat  at  Mars?  Which  are  the  new 
planets,  or  asteroids?  When  was  Vesta  discovered?  What  is  the  pe 
riod  of  Vesta's  annual  revolution  ? 
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Juno  was  discovered  by  Mr.  Harding,  of  Bremen,  in  1804. 
Her  mean  distance  from  the  sun  is  253  millions  of  miles. 
Her  orbit  is  more  elliptical  than  that  of  any  other  planet,  and 
in  consequence,  she  is  sometimes  127  millions  of  miles  nearer 
the  sun  than  at  others.  This  planet  completes  its  annual  re-. 
volution  in  4  years  and  about  4  months,  and  revolves  round 
its  axis  in  27  hours.     Its  diameter  is  1400  miles. 

Pa7/cw  was  also  discovered  by  Dr.  Olbers,  in  1802.  Its 
distance  from  the  sun  is  226  millions  of  miles,  and  its  periodic 
revolution  round  him,  is  performed  in  4  years  and  7  months. 

Ceres  wbs  discovered  in  1801,  by  Piazzi,  of  Palermo.  This 
planet  performs  her  revolution  in  the  same  time  as  Pallas, 
being  4  years  and  7  months.  Her  distance  from  the  sun  260 
millions  of  miles.  According  to  Dr.  Herschel^  this  planet  is 
only  about  160  miles  in  diameter. 

Jupiter. 

Jupiter  is  89,000  miles  in  diameter,  and  performs  his  annnu- 
al  revolution  once  in  about  1 1  years,  at  the  distance  of  490 
millions  of  miles  from  the  sun.  This  is  the  largest  planet  in 
the  solar  system,  being  about  1400  times  larger  than  the  earth. 
His  diurnal  revolution  is  performed  in  nine  hours  and  fifty- 
five  minutes,  giving  his  surface  at  the  equator,  a  motion  of 
28,000  miles  per  hour.  This  motion  is  about  twenty  times 
more  rapid  than  that  of  our  earth  at  the  equator. 

Jupiter,  next  to  Venus,  is  the  most  brilHant  of  the  planets, 
though  the  light  and  heat  of  the  sun  on  him,  is  nearly  25 
times  less  than  on  the  earth. 

This  planet  is  distinguished  from  all  the  others,  by  an  ap- 
pearance resembling  bands,  which  extend  across  his  disc, 
Fig.  184. 


When  was  Juno  discovered?     What  is  her  distance  from  the  sun  .^ 
What  is  the  period  of  her  revolution,  and  what  her  diameter  ? 
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These  are  termed  belts,  and  are  variable,  both  in  respect  to 
number  and  appearance.  Sometimes  seven  or  eight  are 
seen,  several  of  which  extend  quite  across  his  face,  while 
others  appear  broken,,  or  interrupted. 

These  bands,  or  belts,  when  the  planet  is  observed  through 
a  telescope,  appear  as  represented  in  fig.  184.  This  appear- 
ance is  much  the  most  common,  the  belts  running  quite  across 
the  face  of  the  planet  in  parallel  lines.  Sometimes,  however, 
his  aspect  is  quite  different  from  this,  for  in  1780,  Dr.  Her»- 
chel  saw  the  whole  disc  of  Jupiter  covered  with  small  curved 
lines,  each  of  which  appeared  broken,  or  interrupted,  the 
whole  having  a  parallel  direction  across  his  disc,  as  in  fig.  185. 
Tig.  18g. 


Different  opinions  hare  been  advanced  by  astronomers  re 
specting  the  cause  of  these  appearances.  By  some,  they  have 
been  regarded  as  clouds,  or  as  openings  in  the  atmosphere  of 
the  planet,  while  others  imagine  that  they  are  the  marks  of 
great  natural  changes,  or  revolutions,  which  are  perpetually 
agitating  the  surface  of  that  planet.  It  is,  however,  most  pro- 
bable, that  these  appearances  are  produced  by  the  agency  of 
some  cause,  of  which  we,  on  this  little  earth,  must  always  be 
entirely  ignorant. 

Jupiter  has  four  satellites,  ot  moons,  two  of  which  are 
sometimes  seen  with  the  naked  eye.     They  move  round,  and 

What  is  said  of  Pallas  and  Ceres  ?  What  is  the  diameter  of  Jupiter? 
What  is  his  distance  from  the  sun  ••  What  is  the  period  of  Jupiter's 
diurnal  revolution  ?  What  is  the  sun's  heat  and  light  at  Jupiter,  when 
compared  with  that  of  the  earth  ?  For  what  is  Jupiter  particularly  dis- 
tinguished ?  Is  tlie  appearance  of  Jupiter's  belts  always  the  same,  or 
do  they  change  ?  What  is  said  of  the  cause  of  Juj^ter  s  belted  appear- 
ance ?  How  many  moons  has  Jupiter,  and  what  are  the  periods  of  their 
revolutions  ? 
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attend  him  in  his  yearly  revolution,  as  the  moon  does  our 
earth.  They  complete  their  revolutions  at  different  periods, 
the  shortest  of  which  is  less  than  ten  days,  and  the  longest 
seventeen  days. 

These  satellites  often  fall  into  the  shadow  of  their  primary, 
lu  consequence  of  which  they  are  eclipsed,  as  seen  from  the 
earth.  The  eclipses  of  Jupiter's  moons  have  heen  observed 
with  great  care  by  astronomers,  because  they  have  been  the 
means  of  determining  the  exact  longitude  of  places,  and  the 
velocity  with  which  light  moves  through  space.  How  longi- 
tude is  determined  by  these  eclipses,  cannot  be  explained  or 
understood  at  this  place,  but  the  method  by  which  they 
become  the  means  of  ascertaining  the  velocity  of  light,  may 
be  readily  comprehended.  An  eclipse  of  one  of  these  satel- 
lites, appears,  by  calculation,  to  take  place  sixteen  minutes 
sooner,  when  the  earth  is  in  that  part  of  her  orbit  nearest  to 
Jupiter,  than  it  does,  when  the  earth  is  in  that  part  of  her  or- 
bit, as  the  greatest  distance  from  him.  Hence  light  is  found 
to  be  sixteen  minutes  in  crossing  the  earth's  orbit,  and  as  the 
sun  is  in  the  centre  of  this  orbit,  or  nearly  so,  it  must  take 
about  8  minutes  for  the  light  to  come  from  him  to  us.  Light 
therefore,  passes  at  the  velocity  of  95  millions  of  miles,  our 
distance  from  the  sun,  in  about  8  minutes,  which  is  nearly  200 
thousand  miles  in  a  second. 

Saturn. 
The  planet  Saturn  revolves  round  the  sun  in  a  period  of 
about  30  of  our  years,  and  at  the  distance  from  him,  of  900 
millions  of  miles.  His  diameter  is  79,000  miles,  making  his 
bulk  nearly  nine  hundred  times  greater  than  that  of  the  earth, 
but  notwithstanding  this  vast  size,  he  revolves  on  his  axis 
once  in  about  ten  hours,  Saturn  therefore  performs  upwards 
of  25,000  diurnal  revolutions  in  one  of  his  years,  and  hence 
his  year  consists  of  more  than  25,000  days  ;  a  period  of  time 
equal  to  more  than  10,000  of  our  days.  On  account  of  the 
remote  distance  of  Saturn  from  the  sun,  he  receives  only 
about  a  90th  part  of  the  heat  and  light  which  we  enjoy  on  the 
earth.  But  to  compensate,  in  some  degree,  for  this  vast  dis- 
tance from  the  sun,  Saturn  has  seven  moons,  which  revolve 

What  occasions  the  eclipses  of  Jupiter's  moons  '  Of  what  use  aro 
these  eclipses  to  as^nomers  ?  How  is  the  velocity  of  light  ascertain- 
ed by  the  eclipses  o^upiter's  satellites  .■'  What  is  the  time  of  Saturn's 
periodic  revolution  round  the  sun  .'  What  is  his  distance  from  the  sun  ? 
What  his  diameter  ?  What  is  the  period  of  his  diurnal  revolution  ? 
How  many  days  make  a  year  at  Saturn  ? 
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round  him  at  different  distances,  and  at  various  periods,  from 
1  to  80  days. 

Saturn  is  distinguished  from  the  other  planets  by  his  ring, 
as  Jupiter  is  by  his  belt.  When  this  planet  is  viewed  through 
a  telescope,  he  appears  surrounded  by  an  immense  luminous 
circle,  which  is  represented  by  fig.  186. 

Fig.  186.  There  are  in- 

I  deedtwoluminous 
circles,  or  rings, 
one  within  the 
other,  with  a  dark 
space  between 
thera,  so  that  they 
I  do  not  appear   to 

[touch  each  other. 

Neither  does  the  inner  ring  touch  the  body  of  the  planet, 
there  being  by  estimation,  about  the  distance  of  30,000  miles 
between  them.  The  external  circumference  of  the  outer  ring 
is  640,000  miles,  and  its  breadth,  from  the  outer  to  the  inner 
circumference,  7,200  miles,  or  nearly  the  diameter  of  our 
earth.  The  dark  space,  between  the  two  rings,  or  the  inter- 
val  between,  the  inner,  and  outer  ring,  is  2800  miles. 

This  immense  appendage  revolves  round  the  sun  with  the 
planet, — performs  daily  revolutions  with  it,  and  according  to 
Dr.  Herschel,  is  a  solid  substance,  equal  in  density  to  the 
body  of  the  planet  itself. 

The  design  of  Saturn's  ring,  an  appendage  so  vast,  and  so 
different  from  any  thing  presented  by  the  other  planets,  has 
always  been  a  matter  of  speculation  and  inquiry  among  astron- 
omers.  One  of  its  most  obvious  uses  appears  to  be  that  of 
reflecting  the  light  of  the  sun  on  the  body  of  the  planet,  and 
possibly  it  may  reflect  the  heat  also,  so  as  in  some  degree  to 
soften  the  rigour  of  so  inhospitable  a  climate. 

As  this  planet  revolves  around  the  sun,  one  of  its  sides  is 
illuminated  during  one  half  of  the  year,  and  the  other  side 
during  the  other  half;  so  that,  as  Saturn's  year  is  equal  to 
thirty  of  our  vears,  one  of  his  sides  will  be  enlightened  and 
darkened,  alternately,  every  fifteen  years,  as  the  poles  of  our 
earth  are  alternately  in  the  light  and  dark  every  year. 

How  many  moons  has  Saturn.'  How  is  Saturn»icularly  dislin- 
ffuished  from  all  the  other  planets  ?  What  distancW  there  between 
Ihe  body  of  Saturn  and  his  inner  ring  .'  What  distance  is  there  between 
his  inner  and  outer  ring  ?    What  is  the  circumference  of  the  outer  ring. 
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Fig.  187.  Fig.  167  represents  Sat- 

lurn  as  seen  by  an  eye  pla- 
Iced  at  right  angles  to  the 
[plane  of  his  ring.  When 
Iseen  from  the  earth,  his 
Iposition  is  always  oblique^ 
las  represented  by  fig.  186, 
The  inner  white  circle 
Irepresents  the  body  of  the 
Iplanet,  enlightened  by  the 
Isun.  The  dark  circle  next 
Ito  this,  is  the  unenlightened 
IspaCe  between  the  body  of 
Ithe  planet  and  the  inner 
Iring,  being  the  dark  ex- 
Ipanse  of  the  heavens  be- 
yond  the  planet.  The  two  white  circles  are  the  rings  of  the 
planet,  with  the  dark  space  between  them,  which  also  is  the 
dark  expanse  of  the  heavens. 

Herschel. 

In  consequence  of  some  inequalities  in  the  motions  of  Ju 
piter  and  Saturn,  in  their  orbits,  several  astronomers  had  sus- 
pected that  there  existed  another  planet  beyond  the  orbit  of 
Saturn,  by  whose  attractive  influence  these  irregularities  were 
produced.  This  conjecture  was  confirmed  by  Dr.  Herschel, 
in  1781,  who  in  that  year  discoved  the  planet,  which  is  now 
generally  known  by  the  name  of  its  discoverer,  though  called 
by  him  Georgium  sidus.  The  orbit  of  Herschel  is  beyond 
that  of  Saturn,  and  at  the  distance  of  1800  millions  of  miles 
from  the  sun.  To  the  naked  eye  this  planet  appears  like  a 
star  of  the  sixth  magnitude,  being,  with  the  exception  of  some 
of  the  comets,  the  most  remote  body,  so  far  as  is  known,  in 
the  solar  system. 

Herschel  completes  his  revolution  round  the  sun  in  nearly 
84  of  our  years,  moving  in  his  orbit  at  the  rate  of  15,000  miles 
in  an  hour.  His  diameter  is  35,000  miles,  so  that  his  bulk  is 
about  eighty  times  that  of  the  earth.     The  light  and  heat  of 
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How  long  is  (M|^f  Saturn's  sides  alternately  in  the  light  and  dark  ? 
In  what  positit^B  Saturn  represented  by  fig.  187  ?  What  circum- 
stance led  to  th^^covery  of  Herschel  ?  In  what  year,  and  by  whom 
was  Herschel  discovered  r  What  is  the  distance  of  Herschel  from  Die 
*un  ?  In  what  period  is  his  revolution  round  the  sun  performed  .'  What 
is  the  diameter  of  Herschel  ? 
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the  sun  at  Herschel  is  about  360  times  less  than  it  is  at  the 
earth,  and  yet  it  has  been  found  by  calculation,  that  this  light 
is  equal  to  248  of  our  full  moong,  a  striking  proof  of  the  in., 
conceivable  quantity  of  light  emitted  by  the  sun. 

This  planet  has  six  satellites,  which  revolve  round  him  at 
various  distances,  and  in  diflerent  times.  The  periods  of 
some  of  these  have  been  ascertained,  while  those  of  the  others,, 
remain  unknown. 

Fig.  189. 
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Having  now  given  a  short  account  of  each  planet  composing 
the  solar  system,  the  relative  situation  of  their  several  orbits, 
with  the  exception  of  those  of  the  Asteroids,  are  shown  by 
fig.  189.  «ik 

In  the  figure,  the  orbits  are  marked  by  tp^igns  of  each 

What  IB  the  quantity  of  light  and  heat  at  Herschel,  when  compaied 
with  tliat  of  the  earth  ? 
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planet,  of  which  the  first,  or  that  nearest  the  sun,  is  Mercury, 
the  next  Venus,  the  third  the  Earth,  the  fourth  Mars ;  then 
come  those  of  the  Asteroids,  then  Jupiter,  then  Saturn,  and 
lastly  Herschel. 

The  comparative  dimensions  •f  the  planets  are  delineated 
at  fig.  189. 

Fig.  IS*. 


Meimxy  ^ 

Motions  of  the  Planets. 

It  is  said  that  w^hen  Sir  Isaac  Newton  was  near  demonstra- 
ting that  great  truth,  that  gravity  was  the  cause  which  kept 
the  heavenly  bodies  in  their  orbits,  he  became  so  agitated  with 
the  thoughts  of  the  magnitude  and  consequences  of  his  disco> 
very,  as  to  be  unable  to  proceed  with  his  demonstrations,  and 
desired  a  friend  to  finish  what  the  intensity  of  his  feelings 
would  not  allow  him  to  complete. 

We  have  seen,  in  a  fermer  part  of  this  work,  that  all  undis. 
turbed  motion  is  straight  forward,  and  that  a  body  projected 
into  open  space,  would  continue,  perpetually,  to  move  in  a 
right  line,  unless  retarded,  or  drawn  out  of  this  course  by 
some  external  cause. 

To  account  for  the  motions  of  the  planets  in  their  orbits, 
we  will  suppose  that  the  earth,  at  the  time  of  its  creation,  was 
thrown,  by  the  hand  of  the  Creator,  into  open  space,  the  sun 
having  been  b^re  created  and  fixed  in  his  present  place. 

Under  ConmLnd  Motion,  it  has  been  shown,  that  when  a 
body  is  acted  o*by  two  forces,  perpendicular  to  each  other, 
its  motion  will  be  in  a  diagonal  line,  between  the  direction  of 
the  two  forces. 
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Pig.  190. 


To  make  this  obvious,  sup- 
pose a  ball  to  be  moving  in 
the  line  m  x,  fig.  190,  with  a 
given  force,  and  suppose  ano- 
ther force  half  as  great,  should 
strike  it  in  the  direction  of  n, 
the  hall  would  then  describe 
the  diagonal  of  a  parallel©- 
gram,  whose  length  would  be 
just  equal  to  twice  its  breadth,  and  the  line  of  the  ball  would 
be  straight,  because  it  would  obey  the  impulse  and  direction 
of  these  two  forces  only. 

Now  suppose  a,  fig.  1 9 1 , 
to  represent  the  earth,  and 
S  the  sun  ;  and  suppose 
the  earth  to  be  moving 
forward,  in  the  line  from 
a  to  b,  and  to  have  arrived 
at  a,  with  a  velocity  suffi- 
cient, in  a  given  time,  and 
without  disturbance,  t» 
have  carried  it  to  6.  But 
at  the  point  a,  the  sun,  S, 
acts  upon  the  earth  with 
•his  attractive  power,  and 
with  a  force  which  would 
draw  it  to  c,  in  the  same  space  of  time  that  it  would  otherwise 
have  gone  to  b.  Then  the  earth,  instead  of  passing  to  b,  in  a 
straight  line;  would  be  drawn  down  to  d,  the  diagonal  of  the 
parallelogram  a,  b,  d,  c.  The  line  of  direction,  in  fig.  190  is 
straight,  because  the  body  moved,  obeys  only  the  direction  of 
the  two  forces,  but  it  is  curved  from  a  to  d,  fig.  191,  in  con- 
sequence of  the  continued  force  of  the  sun's  attraction,  which 
produces  a  constant  deviation  from  a  right  line. 

When  the  earth  arrives  at  d,  still  retaining  its  projectile,  or 
centrifugal  force,  its  line  of  direction  would  be  towards  n, 
but  while  it  would  pass  along  to  n,  without  disturbance,  the 
attracting  force  of  the  sun  is  again  sufficient  to  bring  it  to  e, 

Suppose  a  body  to  be  acted  on  by  two  forces,  pei^endicular  to  each 
other  in  what  direction  will  it  movje  ?  Why  does  the  ball,  fig.  190, 
move  in  a  straight  line  ?  Why  does  the  earth,  fig.  191,  move  m  a  curv- 
ed line  ?  Explain  fig.  191,  and  show  how  the  two  forces  act  to  produce 
a  circular  line  of  motion. 
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in  a  straight  line,  so  that  in  obedience  'to  the  two  impulses,  it 
again  describes  the  turve  to  o. 

It  must  be  remembered,  in  order  to  account  for  the  circular 
motions  of  the  planets,  that  the  attractive  force  of  the  sun  is 
not  exerted  at  once,  or  by  a  single  impulse,  asis'thecase  with 
the  cross  forces,  producing  a  straight  line,  but  that  this  force 
is  imparted  by  degrees  and  is  constant.  It  therefore  acts 
equally  on  the  earth,  in  all  parts  of  the  course  from  a  to  d, 
-and  from  d  to  o.  From  o,  the  earth  having  the  same  impulses 
as  before,  it  moves  in  the  same  curved,  or  circular  direction, 
and  thus  its  motion  is  continued  perpetually. 

The  tendency  of  the  earth  to  move  forward  in  a  straight 
line,  is  called  its  centrifugal  force,  and  the  attraction  of  the 
sun,  by  which  it  is  drawn  downwards,  or  towards  a  centre,  is 
called  its  eentripetctl  force,  and  it  is  by  these  two  forces  that 
the  planets  are  made  to  perform  their  constant  revolutions 
around  the  sun. 

In  the  above  explanation,  it  has  been  supposed  that  the 
sun's  attraction,  which  constitutes  the  earth's  gravity,  was  at 
all  times  equal,  or  that  the  earth  was  at  an  equal  distance  from 
the  sun,  in  all  parts  of  its  orbit.  But  as  heretofore  explained, 
the  orbits  of  all  the  planets  are  elliptical,  the  sun  being  placed 

in  the  lower  focus  of  the 
ellipse.  The  sun's  attrac- 
tion is  therefore  stronger 
in  some  parts  of  their  or- 
bits than  in  others,  and  for 
this  reason,  their  velocities 
are  greater  at  some  periods 
of  their  revolutions,  than 
at  others. 

To  make  this  under- 
stood, suppose,  as  before, 
that  the  centrifugal  and 
centripetal  forces  so  bal- 
ance each  other,  that  the 
earth  moves  round  the  cir- 


"VVhat  is  the  projectile  force  of  the  earth  called  '  What  is  the  at- 
tractive force  of  the  sun,  which  draws  the  earth  towards  him  called  ? 
Explain  fig.  192,  and  show  the  reason  why  the  velocity  is  increased 
from  c  to  d,  and  why  it  is  not  retarded  from  d  to  g: 
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'CulaT  orbit  tt  e  b,  fig.  192,  until  it  comes  to  the  point  e  ;  and 
at  this  point,  let  us  suppose,  that  the  gravitating  force  is  too 
strong  for  the  force  of  projection,  so  that  the  earth,  instead  of 
continuing  its  former  direction  towards  b,  is  attracted  by  the 
sun  s,  in  the  curvete  c.  When  at  c,  the  line  of  the  earth's 
projectile  force,  instead  of  tending  to  carry  it  farther  from  the 
sun,  as  would  be  the  case,  were  it  revolving  in  a  circular  or- 
bit, now  tends  to  draw  it  still  nearer  to  him,  so  that  at  this 
point,  it  is  impelled  by  both  forces  towards  the  sun.  From  c, 
therefore,  the  force  of  gravity  increasing  in  proportion  as  the 
square  of  the  distance  between  the  sun  and  earth  diminishes, 
the  velocity  of  the  earth  will  be  uniformly  accelerated,  until 
it  arrives  at  the  point  nearest  the  sun,  d.  At  this  part  of  its 
orbit,  the  earth  will  have  gained,  by  its  increased  velocity,  so 
much  centrifugal  force,  as  to  give  it  a  tendency  to  overcome 
the  sun's  attraction,  and  to  fly  off"  in  the  line  d  o.  But  the 
sun's  attraction  being  also  increased  by  the  near  approach  of 
the  earth,  the  earth  is  retained  in  its  orbit,  notwithstanding 
its  increased  centrifugal  force,  and  it  therefore  passes  through 
the  opposite  part  of  its  orbit,  from  d  to  g,  at  the  same  distance 
from  him  that  it  approached.  As  the  earth  passes  from  the 
sun,  the  force  of  gravity  tends  continually  to  retard  its  motion, 
as  it  did  to  increase  it  while  approaching  him.  But  the  velocity 
it  had  acquired  in  approaching  the  sun,  gives  it  the  same  rate 
of  motion  from  d  to  g,  that  it  had  from  c  to  d.  From  g,  the 
earth's  motion  is  uniformly  retarded,  until  it  again  arrives  at  e, 
the  point  from  which  it  commenced,  and  from  whence  it  de- 
scribes the  same  orbit,  by  virtue  of  the  same  forces,  as  before. 

The  earth,  therefore,  in  its  journey  round  the  sun  moves  at 
very  unequal  velocities,  sometimes  being  retarded,  and  then 
again  accelerated  by  the  sun's  attraction. 

It  is  an  interesting  circumstance,  respecting  the  motions  of 
the  planets,  that  if  the  contents  of  their  orbits  be  divided  into 
unequal  triangles,  the  acute  angles  of  which  centre  at  the  sun, 
with  the  line  of  the  orbit  for  their  bases,  the  centre  of  the 
planet  will  pass  through  each  of  these  bases  in  equal  times. 

This  will  be  understood  by  fig.  193,  the  elHptical  circle  be- 
ino-  supposed  to  be  the  earth's  orbit,  with  the  sun,  s,  in  one  of 
the  foci. 

Now  the  spaces  1,  2,  3,  &c.  though  of  different  shapes  are 
of  the  same  dimensions,  or  contain  the  same  quantity  of  sur- 

What  is  meant  by  a  planet's  passing  throfugh  equal  spaces  in  equa! 
•  times  ? 
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Tig- 193.  face.     The  earth,  we  have 

already  seen,  in  its  journey 
round  the  sun,  describes  an. 
ellipse,  and  moves  more  ra- 
pidly  in  one  part  of  its  orbit 
than  in  another.  But  what- 
ever  may  be  its  actual  velor 
city,  its  coijiparative  motion 
is  through  equal  areas  in 
j\  equal  times.  Thus  its  cen- 
tre  passes  from  E  to  C,  and 
from  B  to  A,  in  the  same  pe- 
riod of  time,  and  so  of  all 
the  other  divisions  marked 
in  the  figure.  If  the  figure, 
therefore,  be  considered  the 
plane  of  the  earth's  orbit, 
divided  in  12  equal  areas, 
answering  to  the  12  months  of  the  year,  the  earth  will  pass 
through  the  same  areas  in  every  month,  but  the  spaces  through 
vv'hich  it  passes  will  be  increased,  during  every  month,  for  one 
half  the  year,  and  diminished,  during  every  month,  for  the 
other  half. 

The  reason  why  the  planets,  when  they  approach  near  the 
sun  do  not  fall  to  him,  in  consequence  of  his  increased  attrac- 
tion, and  why  they  do  not  fly  off  into  open  space,  when  they 
recede,  to  the  greatest  distance  from  him,  may  be  thus  explain- 
ed. 

Taking  the  earth  as  an  example,  we  have  shown,  that  when 
in  the  part  of  her  orbit  nearest  the  sun,  her  velocity  is  greatly 
increased  by  his  attraction,  and  that  consequently  the  earth's 
centrifugal  force  is  increased  in  proportion.  As  an  illustra- 
tion of  this,  we  kno\v'  hat  a  thread  which  will  sustain  s^ji 
ounce  ball  when  whirled  round  in  the  air,  at  the  rate  of  50 
revolutions  in  a  minute,  would  be  broken,  were  these  revolu- 
tions increased  to  the  nuniber  of  60  or  70  in  a  minute,  and 
that  the  ball  would  then  fly  off  in  a  straight  line.  This  shows 
that  when  the  motion  of  a  revolving  body  is  increased,  its  cen- 

How  is  it  shown,  that  if  the  motion  of  a  revolving  body  is  increased, 
its  projectile  force  is  also  increased'  By  what  force  is  the  earth's  ve- 
locity increased,  as  it  approaches  the  sun .'  When  the  earth  is  nearest 
the  sun,  why  does  it  not  fall  to  him  ?  When  the  eartii's  centrifugal 
.fgrce  is  greatest,  what  prevents  its  flying  to  the  sun  ^ 
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trifugal  force  is  also  increased.  Now  the  velocity  of  the 
earth  increases  in  an  inverse  proportion,  as  its  distance  from 
the  sun  diminishes,  and  in  proportion  to  the  increase  of  veloci- 
ty is  its  centrifugal  force  increased  ;  so'  thSt,  in  any  other  part 
of  its  orbit,  except  when  nearest  the  sun,  this  increase  of 
velocity  would  carry  the  earth  away  from  its  centre  of  attrac- 
tion. But  this  increase  of  the  earth's  velocity  is  caused  by 
its  near  approach  to  the  sun,  and  consequently  the  sun's  at- 
traction is  increased,  as  well  as  the  earth's  velocity.  In  other 
terms,  when  the  centrifugal  force  is  increased,  the  centripetal 
force  is  increased  in  proportion,  and  thus  while  the  centrifu- 
gal force  prevents  the  earth  from  falling  to  the  sun,  the  cen- 
tripetal force  prevents  it  from  moving  off  in  a  straight  line. 

When  the  earth  is  in  that  part  of  its  orbit  most  distant  from 
the  sun,  its  projectile  velocity,  being  retarded  by  the  counter 
force  of  the  sun's  attraction,  becomes  greatly  diminished,  and 
then  the  centripetal  force  becomes  stronger  than  the  centrifu- 
gal,  and  the  earth  is  again  brought  back  by  the  sun's  attrac- 
tion, as  before,  and  in  this  manner  its  motion  goes  on  without 
ceasing.  It  is  supposed,  as  the  planets  move  through  spaces 
void  of  resistance,  that  their  centrifugal  forces  remain  the 
same  as  when  they  first  emanated  from  the  hand  of  the  Crea- 
tor, and  that  this  force  without  the  influence  of  the  sun's  at- 
traction,  would  carry  them  forward  into  infinite  space. 

The  Earth. 

It  is  alniost  universally  believed,  at  the  present  day,  that 
the  apparent  daily  motion  of  the  heavenly  bodies  from  east  to 
west,  is  caused  by  the  real  motion  of  the  earth  from  west  to 
east,  and  yet  there  are  comparatively  few  who  have  examined 
th«  evidence  on  which  this  belief  is  founded.  For  this  rea- 
son,  we  will  here  state  the  most  obvious,  and  to  a  common 
observer  the  most  convincing  proofs  of  the  earth's  revolution. 
These  are,  first,  the  inconceivable  velocity  of  the  heavenly 
bodies,  and  particularly  the  fixed  stars  around  the  earth,  if  she 
stands  still.  Second,  the  fact,  that  all  astronomers  of  the 
bresent  age  agree  that  every  phenomenon  which  the  heavens 
present,  can  be  best  accounted  for,  by  supposing  the  earth  to 
revolve.  Third,  the  analogy  to  be  drawn  from  many  of  the 
other  planets,  which  are  known  to  revolve  on  their  axes  ;  and 
fourth,  the  different  lengths  of  days  and  nights  at  the  different 

What  are  the  most  obvious  and  convincing  proofs  that  the  earth  re- 
volves on  its  axis  ? 
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planets,  for  did  the  sun  revolve  about  the  solar  system,  the 
days  and  nights  at  many  of  the  planets  must  be  of  similar 
lengths. 

The  distance  of  the  sun  from  the  earth  being  95  millions 
of  miles,  the  diameter  of  the  earth's  orbit  is  twice  its  distance 
from  the  sun,  and  therefore,  190  millions  of  miles^  Now  the 
diameter  of  the  earth's  orbit,  when  seen  from  the  nearest  fixed 
star,  is  a  mere  point,  and  were  the  orbit  a  solid  mass  of 
opaque  matter,  it  could  not  be  seen,  with  such  eyes  as  ours, 
from  such  a  distance.  This  is  known  by  the  fact,  that  these 
stars  appear  no  larger  to  us,  even  when  our  sight  is  assisted 
by  the  best  telescopes,  when  the  earth  is  in  that  part  of  her 
orbit  nearest  them,  than  when  at  the  greatest  distance,  or  in 
the  opposite  part  of  her  orbit.  The  approach,  therefore,  of 
190  millions  of  miles  towards  the  fixed  stars,  is  so  small  a 
part  of  their  whole  distance  from  us,  that  it  makes  no  per- 
ceptible  difference  in  their  appearance.  Now  if  the  earth 
does  not  turn  on  her  axis  once  in  24  hours,  these  fixed  stars 
must  revolve  around  the  earth  at  this  amazing  distance  once 
in  24  hours.  If  the  sun  passes  around  the  earth,,  in  24  hours, 
he  must  travel  at  the  rate  of  nearly  400,000  miles  in  a  minute  ; 
but  the  fixed  stars  are  at  least  400,000  times  as  far  beyond 
the  sun,  as  the  sun  is  from  us,  and  therefore,  if  they  revolve 
around  the  earth,  must  go  at  the  rate  of  400,000  times  400,- 
000  miles,  that  is,  at  the  rate  of  160,000,000,000,  or  160  bil- 
lions of  miles  in  a  minute  ;  a  velocity  of  which  we  can  have 
no  more  conception,  than  of  infinity,  or  eternity. 

In  respect  to  the  analogy  to  be  drawn  from  the  known  revo- 
lutions of  the  other  planets,  and  the  different  lengths  of  days 
and  nights  among  them,  it  is  sufficient  to  state,  that  to  the  in- 
habitants  of  Jupiter,  the  heavens  appear  to  make  a  revolution 
in  about  10  hours,  while  to  those  of  Venus,  they  appear  to 
revolve  once  in  23  hours,  and  to  the  inhabitants  of  the  other 
planets  a  similar  difference  seems  to  take  place,  depend- 
ing  on  the  periods  of  their  diurnal  revolutions.  Now 
there  is  no  more  reason  to  suppose  that  the  heavens  revolve 

Were  the  earth's  orbit  a  sohd  mass,  could  it  be  seen  by  us<  at  the  dis- 
tance of  the  fixed  stars  ?  Suppose  the  earth  stood  still,  how  fast  must 
the  suH  move  to  go  round  it  in  24  hours  ?  At  what  rate  must  the  fixed 
stars  move  to  go  round  the  earth  in  24  hours  ?  If  the  heavens  appear 
to  revolve  every  10  hcurs  at  Jupiter,  and  every  24  hours  at  the  earth, 
how  can  this  difference  be  accounted  for,  if  they  revolve  at  all  ?  Is 
there  any  more  reason  to  believe  that  the  sun  revolves  round  the  earth, 
than  round  any  of  the  other  planets  ? 
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round  us,  than  there  is  to  suppose  that  they  revolve  around 
any  of  the  other  planets,  since  the  same  apparent  revolution 
is  common  to  them  all,  and  as  we  know  that  the  other  planets, 
at  least  many  of  them,  turn  on  their  axes,  and  as  all  the  phe- 
nomena  presented  by  the  earth,  can  be  accounted  for  by  such 
a  revolution,  it  is  folly  to  conclude  otherwise. 

Circles  and  Divisions  of  the  Earth. 
It  will  be  necessary  for  the  pupil  to  retain  in  his  memory 
the  names  and  directions  of  the  following  lines,  or  circles,  by 
which  the  earth  is  divided  into  parts.  These  lines,  it  must 
be  understood,  are  entirely  imaginary,  there  being  no  such 
divisions  marked  by  nature  on  the  earth's  surface.  They  are 
however,  so  necessary,  that  no  accurate  description  of  the 
earth,  or  of  its  position  with  respect  to  the  heavenly  bodies, 
can  be  conveyed  without  them. 

Fig.  194.  The    earth,   whose 

^-^  diameter  is  7912  miles, 

is  represented  by  the 
globe,  or  sphere,  fig. 
194.  The  straight  line 
passing  thro'  its  centre, 
and  about  which  it 
turns,  is  called  its  axis, 
j  j3  and  the  two  extremities 
of  the  axis  are  the  poles 
of  the  earth,  A  being 
the  north  pole,  and  B 
the  south  pole.  The 
line  C  D,  crossing  the 
axis,  passes  quite  round 
the  earth,  and  divides 
it  into  two  equal  parts. 
This  is  called  the  equinoctial  line,  or  the  equator.  That  part 
of  the  earth,  situated  north  of  this  line,  is  called  the  northern 
hemisphere,  and  that  part  south  of  it,  the  southern  hemisphere. 
The  small  circles  E  F,  and  G  H,  surrounding,  or  including- 
the  poles,  are  called  the  polar  circles.  That  surrounding  the 
north  pole  is  called  the  arctic  circle,  and  that  surrounding  the 

How  can  all  the  phenomena  of  the  lieavens  be  accounted  for,  if  thej 
do  not  revolve?     What  is  the  axis  of  the  earth?    What  are  the  poles 
of  the  earth  ?     What  is  the  equator  ?     Where  are   the  northern  and 
southern  hemispheres  ?    What  are  tlie  polar  circles  ? 
20* 
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south,  the  antarctic  circle.  Between  these  circles,  there  is, 
on  each  side  of  the  equator  another  circle,  which  marks  the 
extent  of  the  tropics  towards  the  north  and  south,  from  the 
equator.  That  to  the  north  of  the  equator,  I  K,  is  called  the 
tropic  of  Cancer,  and  that  to  the  south,  L  M,  the  tropic  of 
Capricorn.  The  circle  L  K,  ejitending  obliquely  across  the 
two  tropics,  and  crossing  the  axis  6f  the  earth,  and  the  equa- 
tor at  their  point  of  intersection,  is  called  the  ecliptic.  This 
circle,  as  already  explained,  belongs  rather  to  the  heavens 
than  the  earth,  being  an  imaginary  extension  of  the  plane  of 
the  earth's  orbit,  in  every  direction  towards  the  stars.  The 
line  in  the  figure,  shows  the  comparative  position,  or  direction 
of  the  ecliptic  in  respect  to  the  equator,  and  the  axis  of  the 
earth. 

The  lines  crossing  those  already  described,  and  meeting  at 
the  poles  of  the  earth,  are  called  meridian  lines,  or  mid-day 
lines,  for  when  the  sun  is  on  the  meridian  of  a  place,  it  is 
the  middle  of  the  day,  at  that  place,  and  as  these  lines  extend 
from  north  to  south,  the  sun  shines  on  the  whole  length  of 
each,  at  the  same  time,  so  that  it  is  12  o'clock,  at  the  same 
time,  on  every  place  situated  on  the  same  meridian. 

The  spaces  on  the  earth,  between  the  lines  extending  from 
east  to  west  are  called  zones.  That  which  lies  between  the 
tropics,  from  M  to  K,  and  from  I  to  L,  is  called  the  torrid  zone, 
because  it  comprehends  the  hottest  portion  of  the  earth.  The 
spaces  which  extend  from  the  tropics,  north  and  south  to  the 
polar  circles,  are  called  temperate  zones,  because  the  climates 
are  temperate,  and  neither  scorched  with  the  heat,  like  the 
tropics,  nor  chilled  with  the  cold,  like  the  frigid  zones.  That 
lying  north  of  the  tropic  of  Cancer,  is  called  the  north  tempe- 
rate xone,  and  that  south  of  the  tropic  of  Capricorn,  the  south 
temperate  zone.  The  spaces  included  within  the  polar  circles, 
are  called  the  frigid  zones.  The  lines  which  divide  the  globe 
into  two  equal  parts,  are  called  the  great  circles ;  these  are  the 
ecliptic  and  the  equator.  Those  dividing  the  earth  into  small- 
er  parts  are  called  the  lesser  circles ;  these  are  the  lines  divi- 
ding the  tropics  from  the  temperate  zones,  and  the  temperate 
zones  from  the  frigid  zones,  &;c. 

Which  is  the  arctic,  and  which  the  antarctic  circle?  Where  is  the 
tropic  of  Cancer,  and  where  the  tropic  of  Capricorn?  What  ie  the 
ecli|itic  ?  What  are  the  meridian  lines  ?  On  what  part  of  the  earth  is 
the  torrid  zone  ?  How  are  the  north  and  south  temperate  zones  bound- 
ed ?  Where  are  the  frigid. zones  ?  ^Vhich  are  the  great,  and  which  the 
ifesser  circles  of  the  earth  ? 
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The  ecliptic,  A,  we  have  already  seen,  is  divided  into  360 
equal  parts,  called  degrees.  All  circles,  however  large,  or 
small,  are  divided  into  degrees,  minutes,  and  seconds,  in  the 
sarhe  manner  as  the  ecliptic. 

The  horizon  is  distinguished  into  the  sensible  and  rational. 
The  sensible  horizon  is  that  portion  of  the  surface  of  the 
earth  which  bounds  our  vision,  or  the  circle  around  us,  where 
the  sky  seems  to  meet  the  eai-th.  When  the  sun  rises,  he 
appears  above  the  sensible  horizon,  and  when  he  sets,  he  siniis 
belovv  it.  The  rational  horizon  is  an  imaginary  line  passing 
through  the  centre  of  the  earth,  and  dividing  it  into  two  equal 
parts. 

The  axis  of  the  ecliptic  is  an  imaginary  line  passing  through 
its  centre  and  perpendicular  to  its  plane.  The  extremities  of 
this  perpendicular  line,  are  called  the  poles  of  the  ecliptic. 

If  the  ecliptic,  or  great  plane  of  the  earth's  orbit  be  con- 
sidered on  the  horizon,  or  parallel  with  it,  and  the  line  of  the 
earth's  axis  be  inclined  to  the  axis  of  this  plane,  or  the  axis  of 
the  ecliptic,  at  an  angle  of  23i  degrees,  it  will  represent  the 
relative  positions  of  the  orbit,  and  the  axis  of  the  earth. 
These  positions  are  however,  merely  relative,  for  if  the  posi- 
tion of  the  earth's  axis  be  represented  perpendicular  to  the 
equator,  as  A  B,  fig.  194,  then  the  ecliptic  will  cross  this  plane 
obliquely,  as  in  that  figure.  But  when  the  earth's  orbit  is 
considered  as  having  no  inclination,  its  axis,  of  course,  will 
have  an  inclination  to  the  axis  of  the  ecliptic,  of  23i  degrees. 
As  the  orbits  of  all  the  other  planets  are  inclined  to  the 
ecliptic,  perhaps  it  is  the  most  natural  and  convenient  method 
to  consider  this  as  a  horizontal  plane,  with  the  equator  inclin- 
ed to  it,  instead  of  considering  the  equator  on  the  plane  of 
the  horizon  as  is  sometimes  done. 

The  inclination  of  the  earth's  axis  to  the  axis  of  its  orbit, 
never  varies,  but  always  makes  an  angle  with  it  of  23i  de- 
grees, as  it  moves  round  the  sun.  The  axis  of  the  earth  is 
therefore  always  parallel  with  itself.  That  is,  if  a  line  be 
drawn  through  the  centre  of  the  earth,  in  the  direction  of  its 
axis,  and  extended  north  and  south,  beyond  the  earth's  diame- 

How  are  circles  divided  ?  How  is  the  sensible  horizon  distinguished 
from  the  rational  ?  What  is  the  axis  of  the  ecliptic  ?  What  are  the 
poles  of  the  ecliptic  ?  How  many  degrees  is  the  axis  of  the  earth  in- 
clined to  that  of  the  ecliptic  ?  •  What  is  said  concerning  the  relative  po- 
sitions of  the  earth's  axis  and  the  plane  of  the  ecliptic  ?  Are  the  orbits 
of  the  other  planets  parallel  to  the  earth's  orbit,  or  inclined  to  it  ?  What 
is  meant  by  the  earth's  axis  being  parallel  to  itself? 
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ter,  the  line  so  produced  will  always  be  parallel  to  the  same 
line,  or  any  number  of  lines,  so  drawn  when  the  earth  is  in 
different  parts  of  its  orbit. 

Suppose  a  rod  to  be  fixed  into  the  flat  surface  of  a  table,  and 
so  inclined  as  to  make  an  angle  with  a  perpendicular  from  the 
table  of  23i  degrees.  Let  this  rod  represent  the  axis  of  the 
earth,  and  the  surface  of  the  table,  the  ecliptic.  Now  place  on 
the  table  a  lamp,  and  round  the  lamp  hold  a  wire  circle,  three  or 
four  feet  in  diameter,  so  that  it  shall  be  parallel  with  the  plane 
of  the  table,  and  as  high  above  it  as  the  flame  of  the  lamp. 
Having  prepared  a  small  terrestrial  globe,  by  passing  a  wire 
through  it  for  an  axis,  and  letting  it  project  a  few  inches  each 
way,  for  the  poles,  take  hold  of  the  north  pole,  and  carry  it 
round  the  circle,  with  the  poles  constantly  parallel  to  the  rod 
rising  above  the  table.  The  rod  being  inclined  23^  degrees 
from  a  perpendicular,  the  poles  and  axis  will  be  inclined  in 
the  same  degree,  and  thus  the  axis  of  the  earth  will  be  inclined 
to  that  of  the  ecliptic  every  where  in  the  same  degree,  and 
lines  drawn  in  the  direction  of  the  earth's  axis  will  be  parallel 
to  each  other  in  any  part  of  its  orbit. 
Fiff.  195. 


This  will  be  understood  by  fig.  195,  where  it  will  be  seen, 

How  does  it  appear  by  i5g.  195,  that  the  axis  of  the  earth  is  parallel 
to  itself,  in  all  parts  of  its  orbit?  How  are  the  annual  and  diurnal  re- 
volutions of  the  earth  illustrated  by  fig.  195  ? 
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that  the  polesof  the  earth,  in  the  several  positions  of  A,  B,  C, 
and  D,  being  equally  inclined,  are  parallel  to  each  other. 
Supposing  the  lamp  to  represent  the  sun,  and  the  wire  circle 
the  earth's  orbit,  the  actual  position  of  the  earth  during  its 
annual  revolution  around  the  sun,  will  be  comprehended  ;  and 
if  the  globe  be  turned  on  its  axis,  while  passing  round  the 
lamp,  the  diurnal  or  daily  revolution  of  the  earth  will  also  be 
represented. 

Day  and  Night. 
Were  the  direction  of  the  earth's  axis  perpendicular  to  the 
plane  of  its  orbit,  the  days  and  nights  would  be  of  equal  length 
all  the  year,  for  then  just  one  half  of  the  earth,  from  pole  to 
pole,  would  be  enlightened,  and  at  the  same  time  the  other 
half  would  be  in  darkness. 

Fig.  198. 


Suppose  the  line  s  o,  fig.  196,  from  the  sun  to  the  earth,  to 
be  in  the  plane  of  the  earth's  orbit,  and  that  n  s,  is  the  axis  of 
the  earth  perpendicular  to  it,  then  it  is  obvious,  that  exactly 
the  same  points  on  the  earth  would  constantly  pass  through 
the  alternate  vicissitudes  of  day  and  night ;  for  all  who  live  on 
the  meridian  line  between  n  and  s,  which  line  crosses  the 
equator  at  o,  would  see  the  sun  at  the  same  time,  and  conse- 
quently, as  the  earth  revolves,  would  pass  into  the  dark  hemi- 
sphere at  the  same  time.  Hence  in  all  parts  of  the  globe,  the 
days  and  nights  would  be  of  equal  length,  at  any  given  place. 

Now  it  is  the  inclination  of  the  earth's  axis,  as  above  de, 
scribed,  which  causes  the  lengths  of  the  days  and  nights  to 
differ  at  the  same  place  at  different  seasons  of  the  year,  for  on 
reviewing  the  position  of  the  globe  at  A,  fig.  195,  it  will  be 
observed,  that  the  line  formed  by  the  enlightened,  and  dark 

Explain  by  fig.  196,  why  the  days  and  nights  would  every  where  be- 
equal  were  the  axis  of  the  earth  perpendicular  to  the  plane  of  his  orbit. 
What  is  the  cause  of  the  uneq,ual  lengths  of  the  days  and  nights  m  dif- 
ferent  parts  of  the  world  ? 
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hemispheres,  does  not  coincide  with  the  line  of  the  axis  and 
poles,  as  in  tig.  196,  but  that  the  line  formed  by  the  darkness 
and  the  light,  extends  obliquely  across  the  line  of  the  earth's 
axis,  so  that  the  north  pole  is  in  the  light,  while  the  south  is  in 
the  dark.  In  the  position  A,  therefore,  an  observer  at  the 
north  pole  would  see  the  sun  constantly,  while  another  at  the 
south  pole,  would  not  see  it  at  all.  Hence  those  living  iii  the 
north  temperate  zone,  at  the  season  of  the  year,  when  the 
earth  is  at  A,  or  in  the  summer,  would  have  long  days  and 
short  nights,  in  proportion  as  they  approached  the  polar  circle  ; 
while  those  who  live  in  the  south  temperate  zone,  at  the  same 
time,  and  when  it  would  be  winter  there,  would  have  long 
nights  and  short  days  in  the  same  proportion. 

Seasons  of  the  year. 

The  vicissitudes  of  the  seasons  are  caused  by  the  annual 
revolution  of  the  earth  around  the  sun,  together  with  the  in- 
clination of  its  axis  to  the  plane  of  its  orbit. 

It  has  already  been  explained,  that  the  ecliptic  i^the  plane 
of  the  earth's  orbit,  and  is  supposed  to  be  placed  on  a  level 
with  the  earth's  horizon,  and  hence,  that  this  plane  is  con- 
sidered the  standard,  by  which  the  inclination  of  the  lines 
crossing  the  earth,  and  the  obliquity  of  the  orbits  of  the  olher 
planets,  are  to  be  estimated. 

The  equinoctial  line,  or  the  great  circle  passing  round  the 
middle  of  the  earth,  is  inclined  to  the  ecliptic,  as  well  as  the 
line  of  the  earth's  axis,  and  hence  in  passing  round  the  sun. 


Fig.  197. 


the  equinoctial  line 
intersects,  or  cros- 
ses the  ecliptic,  in 
two  places,  opposite 
to  each  other. 

Suppose  a  b,  fig. 
197,  to  be  the  eclip- 
tic, ef,  the  equator, 
and  c  d,  the  earth's 
axis.  The  ecliptic, 
and  equator,  are 
supposed  to  be  seen 
edgewise,  so  as  to 
appear    like    lines 


What  are  the  causes  which  produce  the  seasons  of  the  year: 
what  position  is  the  equator,  with  respect  to  the  ecliptic  ? 
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instead  of  circles.  Now  it  will  be  obvious  by  the  figure,  that 
the  inclination  of  the  equator  to  the  ecliptic,  (or  the  sun's  ap- 
parent annual  path  through  the  heavens,)  will  cause  these 
lines,  namely,  the  line  of  the  equator  and  the  line  of  the  eclip- 
tic,  to  cut,  or  cross  each  other,  as  the  sun  naakes  his  appa- 
rent annual  revolution,  and  that  this  intercession  will  happen 
twice  in  the  year,  when  the  earth  is  in  the  two  opposite 
points  of  her  orbit. 

These  periods  are  on  the  21st  of  March,  and  the  21st  of 
September,  in  each  year,  and  the  points  at  which  the  sun  is 
seen  at  these  times,  are  called  the  equinoctial  points.  That 
which  happens  in  September  is  called  the  autumnal  equinox, 
and  that  which  happens  in  March,  the  vernal  equinox.  At 
these  seasons,  the  sun  rises  at  6  o'clock,  and  sets  at  6  o'clock, 
and  the  days  and  nights  are  equal,  in  length,  in  every  part  of 
the  globe. 

The  solstices  are  the  points  where  the  ecliptic  and  the 
equator  are  at  the  greatest  distance  from  each  other.  The 
earth,  in  its  yearly  revolution,  passes  through  each  of  these 
points.  One  is  called  the  summer,  and  the  other  the  winter 
solstice.  The  sun  is  said  to  enter  the  summer  solstice,  on  the 
21st  of  June,  and  at  this  time,  in  our  hemisphere,  the  days 
are  longest,  and  the  nights  shortest.  On  the  21st  of  Decern- 
ber,  he  enters  his  winter  solstice,  when  the  length  of  the  days 
and  nights  are  reversed,  from  what  they  were  in  June  before, 
tlie  days  being  shortest  and  the  nights  longest. 

Having  learned  these  explanations,  the  student  will  be  able 
to  understand  in  what  order  the  seasons  succeed  each  other, 
and  the  reason  why  such  changes  are  the  efiectofthe  earth's 
revolution. 

Suppose  the  earth,  fig.  198,  to  be  in  her  summer  solstice, 
which  takes  place  on  the  21st  of  June.  At  this  period  she 
will  be  at  a,  having  her  north  pole,  n,  so  inclined  towards  the 
sun,  that  the  whole  arctic  circle  will  be  illuminated,  and  con- 
sequently the  sun's  rdys  will  extend  23i  degrees,  the  bi'eadth 
of  the  polar  circles,  beyond  the  north  pole.     The  diurnal  revo- 

At  what  times  in  the  year  do  the  line  of  the  ecliptic  and  that  of  the 
equinox  intersect  each  otlier  ?  What  are  these  points  of  intersection 
called  .'  Which  is  the  autumnal  and  which  the  vernal  equinox  .''  At 
what  time  dons  the  sun  rise  and  ^et,  when  he  is  in  the  equinoxes  •'  What 
are  the  solstices  '  Wiien  the  sun  enters  the  summer  solstice,  what  is 
said  of  the  length  of  the  days  and  nights.'  When  does  the  sun  enter 
the  winter  solstice,  and  what  then  is  the  proportion  between  the  length 
of  the  days  and  nights.' 
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Fig.  198. 
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lution,  therefore,  when  the  earth  is  ata,  causes  no  succession 
of  day  and  night,  at  the  pole,  since  the  whole  frigid  zone  is 
within  reach  of  his  rays.  The  people  who  live  within  the 
arctic  circle,  will  consequently,  at  this  time,  enjoy  perpetual 
day.  During  this  period,  just  the  same  proportion  of  the 
earth  that  is  enlightened  in  the  northern  hemisphere,  will  be 
in  total  darkness  in  the  opposite  region  of  the  southern  hemi- 
sphere ;  so  that  while  the  people  of  the  north  are  blessed  vvith 
perpetual  day,  those  of  the  south  are  groping  in  perpetual 
night.  Those  who  live  near  the  arctic  circle,  in  the  north 
temperate  zone,  will,  during  the  winter,  come,  for  a  few  hours, 
within  the  region  of  night,  by  the  earth's  diurnal  revolution  ; 
and  the  greater  the  distance  from  the  circle,  the  longer  will 
be  their  nights,  and  the  shorter  their  days.  Hence,  at  this 
season,  the  days  will  be  longer  than  the  nights  every  where 
between  the  equator  and  the  arctic  circle.  At  the  equator, 
the  days  and  nights  will  be  equal,  and  between  the  equator 
and  the  south  polar  circle,  the  nights  will  be  longer  than  the 
days,  in  the  same  proportion  as  the  days  are  longer  than  the 
nights,  from  the  equator  to  the  arctic  circle. 

At  what  season  of  the  year  is  the  whole  arctic  circle  illuminated  ?  At 
what  season  is  the  whole  antarctic  circle  in  the  dark  ?  While  the  peo- 
ple near  the  north  pole  enjoy  perpetual  day,  what  is  the  situation  of 
those  near  the  south  pole  ?  At  what  season  will  the  days  be  longer 
than  the  niglrts  every  where  between  the  equator  and  the  arctic  circle  r 
At  what  season  will  the  nights  bo  longer  than  the  days  in  the  southern 
hemisphere .' 


SEASONS.  237 

As  the  earth  moves  round  the  sun,  the  line  which  divides 
the  darkness,  and  the  light,  gradually  approaches  the  poles, 
''till  having  performed  one  quarter  ot'  her  yearly  journey  from 
the  point  a,  she  comes  to  h,  about  the  21st  of  September.  At 
this  time,  the  boundary  of  light  and  darkness  passes  through 
both  poles,  dividing  the  earth  equally  from  north  to  south  ; 
and  thus  in  every  part  of  the  world  the  days  and  nights  are  of 
equal  length,  the  sun  being  12  hours  alternately  above  and 
below  the  horizon.  In  this  position  of  the  earth,  the  sun  is 
said  to  be  in  the  autumnal  equinox. 

In  the  progress  of  the  earth  from  &to  c,  the  light  of  the  sun 
gradually  reaches  a  little  more  of  the  antarctic  circle.  The 
days,  therefore,  in  the  northern  hemisphere,  grow  shorter  at 
every  diurnal  revolution,  until  the  21st  of  December,  when 
the  whole  arctic  circle  is  involved  in  total  darkness.  And 
now,  the  same  places  which  enjoyed  constant  day  in  the  June 
before,  are  involved  in  perpetual  night.  At  this  time,  the 
sun,  to  those  who  live  in  the  northern  hemisphere,  is  said  to 
be  in  his  winter  solstice  ;  and  then  the  winter  nights  are  just 
as  long  as  were  the  summer  days,  and  the  winter  days  as  long 
as  the  summer  nights. 

When  the  earth  has  gone  another  quarter  of  her  annual 
journey,  and  has  come  to  the  point  of  her  orbit  opposite  to 
where  she  was  on  the  21st  of  September,  which  happens  on 
the  21st  of  March,  the  line  dividing  the  light  from  the  dark- 
ness  again  passes  through  both  poles.  In  this  position  of  the 
earth,  with  respect  to  the  sun,  the  days  and  nights  are  again 
equal  all  over  the  world,  and  the  sun  is  said  to  be  in  his  vernal 
equinox. 

From  the  vernal  equinox,  as  the  earth  advances,  the  north- 
ern  hemisphere  enjoys  more  and  more  light,  while  the  southern 
falls  into  the  region  of  darkness,  in  proportion,  so  that  the 
days  north  of  the  equator  increase  in  length,  unUl  the  21st  of 
June,  at  which  time,  the  sun  is  again  longest  above  the  hori- 
zon, and  the  shortest  time  below  it. 

Thus  the  apparent  motion  of  the  sun,  from  east  to  west,  is 
caused  by  the  real  motion  of  the  earth  from  west  to  east.     If 

When  will  the  days  and  nights  be  equal  in  all  parts  of  the  eai-th  ? 
At  what  season  of  the  year  is  the  whole  arctic  circle  involved  in  dark- 
ness ?  When  are  the  days  and  nights  equal  all  over  the  world  ?  When 
is  the  sun  in  the  vernal  equino.\  ?  What  is  the  cause  of  the  apparent 
motion  of  the  sun  from  east  to  west  ?  What  is  the  apparent  path  of  the 
sun,  but  the  real  path  of  the  earth  ? 

21 
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the  earth  is  in  any  point  of  its  orbit,  the  sun  will  always  seem 
in  the  opposite  point  in  the  heavens.  When  the  earth  moves 
one  degree  to  the  west,  the  sun  seems  to  move  the  same  dis- 
tance to  the  east  ;  and  when  the  earth  has  completed  one  re- 
volution in  its  orbit,  the  sun  appears  to  have  completed  a  re- 
volution through  the  heavens.  Hence,  it  follows,  that  the 
ecliptic,  or  the  apparent  path  of  the  sun  through  the  heavens, 
is  the  real  path  of  the  earth  around  the  sun. 

It  will  be  observed  by  a  careful  perusal  of  the  above  expla- 
nation of  the  seasons,  and  a  close  inspection  of  the  figure  by 
which  it  is  illustrated,  that  the  sun  constantly  shines  on  a 
portion  of  the  earth  equal  to  90  degrees  north,  and  90  degrees 
south  from  his  place  in  the  heavens,  and  consequently,  that 
he  always  enlightens  180  degrees,  or  one  half  of  the  earth. 
If,  therefore,  the  axis  of  the  earth  were  perpendicular  to  the 
plane  of  its  orbit,  the  days  and  nights  would  every  where  be 
equal,  for  as  the  earth  performs  its  diurnal  revolutions,  there 
would  be  12  hours  day,  and  12  hours  night.  But  since  the 
inclination  of  its  axis  is  23^  degrees,  the  light  of  the  sun  is 
thrown  23i  degrees  beyond  the  north  pole  ;  that  is,  it  enlight- 
ens  the  earth  23^  degrees  further  in  that  direction,  when  the 
north  pole  is  turned  towards  the  sun,  than  it  would,  had  the 
earth's  axis  no  inclination.  Now,  as  the  sun's  light  reaches 
only  90  degrees  north  or  south  of  his  place  in  the  heavens,  so 
when  the  arctic  circle  is  enhghtened,  the  antarctic  circle 
must  be  in  the  dark  ;  for  if  the  Hght  reaches  23',  degrees  be- 
yond the  north  pole,  it  must  fall  23^  degrees  short  of  the  south 
pole. 

As  the  earth  travels  round  the  sun,  in  his  yearly  circuit, 
this  inclination  of  the  poles,  is  alternately  towards,  and  from 
him.  During  our  winter,  the  north  polar  region  is  thrown 
beyond  the  rays  of  the  sun,  while  a  corresponding  portion 
around  the  south  pole  enjoys  the  sun's  light.  And  thus  at 
the  poles  there  are  alternately  six  months  of  darkness  and  win- 
ter, and  six  months  of  sunshine  and  summer.  While  we,  in 
the  northern  hemisphere,  are  chilled  by  the  cold  blasts  of 
winter,  the  inhabitants  of  the  southern  hemisphere  are  enjoy- 
ing all  the  delights  of  summer ;  and  while  we  are  scorched 

Had  the  earth's  axis  no  inclination,  why  would  the  days  and  nio-hts 
always  be  equal  ?  IIow  many  degrees  does  the  sun's  light  reach,  north 
and  south  of  him,  on  the  earth  ?  During  our  winter,  is  the  north  pole 
turned  to,  or  from  the  sun  ?  At  the  poles,  how  nianv  days  and  nights 
are  there  in  the  year  ?  When  it  is  winter  in  the  northern  hemisphere 
what  is  the  season  in  the  southern  hemisphere  ? 
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by  the  rays  of  a  vertical  sun  in  June  and  July,  our  southern 
ncighbonrs  are  shivering  with  the  rigours  of  mid-winter. 

At  the  equator,  no  such  changes  take  place.  The  rays  of 
the  sun,  as  the  earth  passes  around  him,  are  vertical  twice  a 
year  at  every  place  between  the  tropics.  Hence  at  the  equa- 
tor, there  are  two  summers  and  no  winter,  and  as  the  sun 
there  constantly  shines  on  the  same  half  of  the  earth  in  suc- 
cession, the  days  and  nights  are  always  equal,  there  being  12 
hours  of  light,  and  12  of  darkness. 

Motion  of  the  Earth.  The  motion  of  the  earth  round  the 
sun,  is  at  the  rate  of  68,000  miles  in  an  hour,  while  its  motion 
on  its  own  axis,  at  the  equator,  is  at  the  rate  of  about  1042 
miles  in  the  hour.  The  equator,  being  that  part  of  the  earth 
most  distant  from  its  axis,  the  motion  there,  is  more  rapid 
than  towards  the  poles,,  in  proportion  to  its  greater  distance 
from  the  axis  of  motion. 

The  method  of  ascertaining  the  velocity  of  the  earth's  mo- 
tion,  both  in  its  orbit  and  round  its  axis,  is  simple,  and  easily 
understood  ;  for  by  knowing  the  diameter  of  the  earth's  or- 
bit, its  circumference  is  readily  found,  and  as  we  know  how 
long  it  takes  the  earth  to  perform  her  yearly  circuit,  we  have 
only  to  calculate  what  part  of  her  journey  she  goes  through  in 
an  hour.  By  the  same  principle,  the  hourly  rotation  of  the 
earth  is  as  readily  ascertained. 

We  are  insensible  of  these  motions,  because  not  only  the 
earth,  but  the  atmosphere,  and  all  terrestrial  things,  partake  of 
the  same  motion,  and  there  is  no  change  in  the  relation  of 
objects,  in  consequence  of  it.  If  we  look  out  at  the  window 
of  a  steam-boat,  when  it  is  in  motion,  the  boat  will  seem  to 
stand  still,  while  the  trees  and  rocks  on  the  shore  appear  to 
pass  rapidly  by  us.  This  deception  arises  from  our  not  hav- 
ing any  object  with  which  to  compare  this  motion,  when  shut 
up  in  the  boat ;  for  then  every  object  keeps  the  same  relative 
position.  And  so,  in  respect  to  the  motion  of  the  earth,  having 
nothing  with  which  to  compare  its  movement,  except  the  hea- 
venly  bodies,  when  the  earth  moves  in  one  direction,  these 
objects  appear  to  move  in  the  contrary  direction. 

Causes  oj  the  Heat  and  Cold  of  the  Seasons. 
We  have  seen  that  the  earth  revolves  round  the  sun  in  an 

At  what  rate  does  the  earth  move  around  the  sun?  How  fast  does  it 
move  around  its  axis  at  the  equator?  How  is  the  velocity  of  the  earth 
ascertained  ?     Why  are  we  insensible  of  the  earth's  motion  ? 


240     •  SEASONS. 

elliptical  orbit,  of  which  the  sun  is  one  of  the  foci,  and  conse- 
quently,  that  the  earth  is  nearer  him,  in  one  part  of  her  orbit 
than  in  another.     From  the  great  difference  we  experience 
between  the  heat  of  summer  and  that  of  winter,  we  should  be 
led  to  suppose  that  the  earth  must  be  much  nearer  the  sun  in 
the  hot  season,  thati  in  the  cold.     But  when  we  come  to  in- 
quire  into  this  subject,  and  to  ascertain  the  distance  of  the 
sun  at  different  seasons  of  the  year,  we  find  that  the  great 
source  of  heat  and  light,  is  nearest  us  during  the  cold  of  win- 
ter, and  at  the  greatest  distance  during  the  heat  of  summer. 
It  has  been  explained,  under  the   article   Optics,  that  the 
angle  of  vision  depends  on  the  distance  at  which  a  body  of 
given  dimensions  is  seen.     Now  on  measuring  the  angular 
dimension  of  the  sun,  with  accurate  instruments,  at  different 
seasons  of  the   year,  it  has  been  found  that  his  dimensions 
increase  and  diminish,  and  that  these   variations  correspond 
exactly  with  the  supposition,  that  the  earth  moves  in  an  ellip- 
tical orbit.     If,  for  instance,  his  apparent  diameter  be  taken 
in  March,  and  then  again  in  July,  it  will  be  found  to  have 
diminished,  which  diminution  is  only  to  be  accounted  for,  by 
supposing  that  he  is  at  a  greater  distance  from  the  observer  in 
July  than  in  March.     From  July,  his  angular  diameter  gra- 
dually increases,  till  January,  when  it  again  diminishes,  and 
continues  to  diminish,  until  July.     By  many  observations,  it 
is  found,  that  the  greatest  apparent  diameter,  of  the  sun,  and 
therefore  his  least  distance  from  us,  is  in  January,  and  his 
least  diameter,  and  therefore  his  greatest  distance,  is  in  July. 
The  actual  difference  is  about  three  millions  of  miles,  the 
sun  being  that  distance  further  from  the  earth  in  July  than  in 
January.     This  however,  is  only  about   one  sixtieth  of  his 
mean  distance  from  us,  and  the  difference  we  should  experi- 
ence in  his  heat,  in  consequence  of  this  difference  of  distance, 
will  therefore  be  very  small.     Perhaps  the  effect  of  his  proxi- 
mity  to  the  earth,  may  diminish,  in  some  small  degree,  the 
severity  of  winter. 

The  heat  of  summer,  and  the  cold  of  winter,  must  therefore 

At  what  season  of  the  year  is  the  sun  at  the  greatest,  and  at  what 
season  the  least  distance, from  the  earth?  How  is  it  ascertained  that 
the  earth  moves  in  an  elliptical  orbit,  by  the  appearance  of  the  sun? 
When  does  the  sun  appear  under  the  greatest  apparent  diameter,  and 
when  under  the  least?  How  much  farther  is  the  sun  from  us  in  July, 
than  in  January?  What  effect  does  this  difference  produce  on  the 
earth?  How  is  the  heat  of  summer,  and  the  cold  of  winter  accounted 
for? 
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arise  from  the  difference  in  the  meridian  altitudes  of  the  sun, 
and  in  the  time  of  his  continuance  above  the  horizon.  In 
summer,  the  solar  rays  fall  on  the  earth,  in  nearly  a  perpen- 
dicular direction,  and  his  powerful  heat  is  then  constantly  ac- 
cumulated by  the  long  days  and  short  nights  of  the  season. 
In  winter,  on  the  contrary,  the  solar  rays  fall  so  obliquely  on 
the  earth,  as  to  produce  little  warmth,  and  the  small  effect  they 
do  produce  during  the  short  days  of  thai  season,  is  almost  en- 
tirely destroyed  by  the  long  nights  which  succeed.  The  dif- 
ference between  the  effects  of  perpendicular  and  oblique  rays, 
seems  to  depend,  in  a  great  measure,  on  the  different  extent 
of  surface  over  which  they  are  spread.  When  the  rays  of 
the  sun  are  made  to  pass  through  a  convex  lens,  the  heat  is 
increased,  because  the  number  of  rays  which  naturally  cov- 
ered a  large  surface,  are  then  made  to  cover  a  smaller  one, 
so  that  the  power  of  the  glass  depends  on  the  number  of  rays 
thus  brought  to  a  focus.  If,  on  the  contrary,  the  rays  of  the 
sun  are  suffered  to  pass  through  a  concave  lens,  their  natural 
heating  power  is  diminished,  because  they  are  dispersed,  or 
spread  over  a  wider  surface  than  before. 

Now,  to  apply  these  different  effects  to  the  summer  and 
winter  rays  of  the  sun,  let  us  suppose  that  the  rays  falling 
perpendicularly  on  a  given  extent  of  surface,  impart  to  it  a 
"■  certain  degree  of  heat, 

then  it  is  obvious,  that 
if  the  same  number  of 
rays  be  spread  over 
twice  that  extent  of  sur- 
face, their  heating  pow- 
er would  be  diminished 
in  proportion,  and  that 
only  half  the  heat  would 
be  imparted.  This  is 
the  effect  produced  by 
the  sun's  rays  in  the 
winter.  They  fall  so 
obliquely  on  the  earth j 
as  to  occupy  nearly  dou- 
ble the  space  that  the 
same  number  of  rays  do  in  the  summer. 

Why  do  the  perpendicular  rays  of  summer  produce  greater  effects 
than  the  obUque  rays  of  whiter  ?  How  is  this  illustrated  by  the  convex 
and  concave  lenses?  How  is  the  actual  difference  of  the  summer  and 
winter  rays  shewn  ? 
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This  is  illustrated  by  fig.  199,  where  the  number  of  rays, 
both  in  winter  and  summer,  are  supposed  to  be  the  same. 
But  it  will  be  observed,  that  the  winter  rays,  owing  to  their 
oblique  direction,  are  spread  over  nearly  twice  as  much  sur- 
face as  those  of  summer. 

It  may,  however,  be  remarked,  that  the  hottest  season  is 
not  usually  at  the  exact  time  of  the  year,  when  the  sun  is  most 
vertical,  and  the  days  the  longest,  as  is  the  case  towards  the 
end  of  June,  but  some  time  afterwards,  as  in  July  and  August. 

To  account  for  this,  it  must  be  remembered,  that  when  the 
sun  is  nearly  vertical,  the  earth  accumulates  more  heat  by  day 
thari  it  gives  out  at  night,  and  that  this  accumulation  contin- 
ues to  increase  after  the  days  begin  to  shorten,  and  conse- 
quently, the  greatest  elevation  of  temperature  is  some  time 
after  the  longest  days.  For  the  same  reason,  the  thermome- 
ter getferally  indicates  the  greatest  degree  of  heat  at  two,  or 
three  o'clock  on  each  day,  and  not  at  12  o'clock,  when  the 
sun's  rays  are  most  powerful. 

Figure  of  the.  Earth. 

Astronomers  have  proved  that  all  the  planets,  together  with 
their  satellites,  have  the  shape  of  the  sphere  or  globe,  and 
hence,  by  analogy,  there  wafe  every  reason  to  suppose,  that 
the  earth  would  be  found  of  the  same  shape  ;  and  several 
phenomena  tend  to  prove,  beyond  all  doubt,  that  this  is  its 
shape.  The  figure  of  the  earth  is  not,  however,  exactly  that 
of  a  globe,  or  ball,  because  its  diameter  is  about  34  miles  less, 
from  pole  to  pole,  than  it  is  at  the  equator.  But  that  its  gen- 
eral  figure  is  that  of  a  sphere,  or  ball,  is  proved  by  many  cir- 
curastances. 

When  one  is  at  sea,  or  standing  on  the  sea* shore,  the  first 
part  of  a  ship  seen  at  a  distance,  is  its  mast.  As  the  vessel 
advances,  the  mast  rises  higher  and  hiffher  above  the  horizon 
and  finally  the  hull,  and  whole  ship  become  visible.  Now, 
were  the  earth's  surface  an  exact  plane,  no  such  appearance 
would  take  place,  for  we  should  then  see  the  hull  long  before 
the  mast,  or  rigging,  because  it  is  much  the  largest  object. 

Why  is  not  the  hottest  season  of  the  year  at  the  period  when  the 
days  are  longest,  and  the  sun  most  vertical  >  What  is  the  general  figure 
of  the  earth  ?  How  much  less  is  the  diameter  of  the  earth  at  the  poles 
than  at  the  equator?  How  is  the  convexity  of  the  earth  proved,  by  the 
approach  of  a  ship  at  sea? 
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Fig.  200. 
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It  will  be  obvious  by  fig.  200,  that  were  the  ship,  a,  eleva- 
ted, so  that  the  IiuU  should  be  on  a  horizontal  line  with  the 
eye,  the  whole  ship  would  be  visible  instead  of  the  topmast, 
there  being  no  reason,  except  the  convexity  of  the  earth,  why 
the  whole  ship  should  not  be  visible  at  a,  as  well  as  at  h. 

We  know,  for  the  same  reason,  that  in  passing  over  a  hill 
the   tops  of  the  trees  are   seen,  before  we  can  discover  the 
ground  on  which  they  stand  ;  and  that  when  a  man  approach- 
es from  the  opposite  side  of  a  hill,  his  head  is  seen  before  his 
feet. 

It  is  a  well  known  fact,  also,  that  navigators  have  set  out 
from  a  particular  port,  and  by  sailing  continually  westward, 
have  passed  around  the  earth,  and  again  reached  the  port 
from  which  they  sailed.  This  could  never  happen,  were  the 
earth  an  extended  plain,  since  then  the  longer  the  navigator 
sailed  in  one  direction,  the  further  he  would  be  from  home. 

Another  proof  of  the  spheroidal  form  of  the  earth,  is  the 
figure  of  its  shadow  on  the  moon,  during  eclipses,  which  sha- 
dow  is  always  bounded  by  a  circular  line. 

These  circumstances  prove  beyond  all  doubt,  that  the  form 
of  the  earth  is  globular,  but  that  it  is  not  an  exact  sphere,  and 
that  it  is  depressed,  or  flattened  at  the  poles,  is  shown  by  the 
difference  in  the  '^ngths  of  pendulums  vibrating  seconds  at 
the  poles  and  at  the  equator. 

Under  the  article  pendulum,  it  was  shown,  that  its  vibrations 
depend  on  the  attraction  ofgravitation,  and  that  as  the  centre  of 
the  earth  is  the  centre  of  this  attraction,  so  the  nearer  this  in- 
strument is  carried  to  this  point,  the  stronger  will  be  the  at- 
traction, and  consequently  the  more  frequent  its  vibrations. 

From  a  great  number  of  experiments,  it  has  been  found 

Explain  fig.  200.  What  other  proofs  of  the  globular  shape  of  the 
«arth  are  mentioned  ?  How  is  it  proved  by  the  vibrations  of  the  pen- 
dulum, that  the  earth  is  flattened  at  the  poles  .' 
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that  a  pendulum,  which  vibrates  seconds  at  the  equator,  has 
its  number  of  vibrations  increased,  when  if  is  carried  towards 
the  poles,  and  as  its  number  of  vibrations  depends  upon,  its 
length,  a  clock  which  keeps  accurate  titne  at  the  equator,  must 
have  its  pendulum  lengthened  at  the  poles.  And  so  on  the 
contrary,  a  clock  going  correctly  at,  or  near  the  poles,  must 
have  its  pendulum  shortened,  to  keep  exact  time,  at  the  equa- 
tor. Hence  the  force  of  gravity  is  greatest  at  the  poles,  and 
least  at  the  equator. 


Fig.  201. 


The  manner  in  which  the 
figure  of  the  earth  differs  from 
that  of  a  sphere,  is  represented 
by  fig.  201,  where  n  is  the 
north  pole,  and  s  the  south 
pole,  the  line  from  one  ofthese 
points  to  the  other,  the  axis  of 
the  earth,  and  theline  crossing 
this  the  equator.  It  will  be 
seen,  by  this  figure,  that  the 
surface  of  the  earth,  at  the 
poles,  is  nearer  its  centre,  than 
the  surface  at  the  equator. 
The  actual  difference  between 
the  polar  and  equatorial  diameters  is  in  the  proportion  of  300 
to  301.  The  earth  is  therefore  called  an  oblate  spheroid,  the 
word  oblate  signifying  the  reverse  of  oblong,  or  shorter  in  one 
direction  than  in  another. 

The  compression  of  the  earth  at  the  poles,  and  the  conse- 
quent accumulation  of  matter  at  the  equator,  is  probably  the 
effect  of  its  diurnal  revolution,  while  it  was  in  a  soft,  or  plastic 
state.  If  a  ball  of  soft  clay,  or  putty,  be  made  to  revolve 
rapidly,  by  means  of  a  stick  passed  through  its  centre,  os  an 
axis,  it  will  swell  out  in  the  middle,  or  equator,  and  be  de- 
pressed at  the  poles,  assuming  the  precise  figure  of  the  earth. 
This  figure  is  the  natural  and  obvious  consequence  of  the 
centrifugal  force,  which  operates  to  throw  the  matter  off,  in 
proportion  to  its  distance  from  the  axis  of  motion,  and  the 
rapidity  with  which  the  ball  is  made  to  revolve.  The  parts 
about  the  equator  would  therefore  tend  to  fly  oflf,  and  leave 

In  what  proportion  is  the  polar,  less  than  the  equatorial  diameter  ? 
What  is  the  earth  called,  in  reference  to  iJus  figure?  How  is  it  sup- 
posed that  it  came  to  have  this  form  ?  How  is  tho  form  of  the  earth 
illustrated  by  experiment  ?  Explain  the  reason  why  a  pljistic  ball  will 
swell  at  the  equator,  when  made  to  revolve. 
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the  other  parts,  in  consequence  of  the  centrifugal  force,  while 
those  about  the  poles,  being  near  the  centre  of  motion,  would 
receive  a  much  smaller  impulse.  Consequently  the  ball 
would  swell,  or  bulge  out  at  the  equator,  which  would  produce 
a  corresponding  depression  at  the  poles. 

The  weight  of  a  body  at  the  poles  is  found  to  be  greater 
than  at  the  equator,  not  only  because  the  poles  are  nearer 
the  centre  of  the  earth  than  the  equator,  but  because  the  cen- 
trifugal force  there  tends  to  lessen  its  gravity.  The  wheels 
of  machines,  which  revolve  with  the  greatest  rapidity,  are 
made  in  the  strongest  manner,  otherwise  they  will  fly  in 
pieces,  the  centrfugal  force  not  only  overcoming  the  gravity, 
but  the  cohesion  of  their  parts. 

It  has  been  found,  by  calculation,  that  if  the  earth  turned 
over  once  in  84  minutes  and  43  seconds,  the  centrifugal  force 
at  the  equator  would  be  equal  to  the  power  of  gravity  there, 
and  that  bodies  would  entirely  lose  their  weight.  If  the 
earth  revolved  more  rapidly  than  this,  all  the  buildings,  rocks, 
mountains,  and  men,  at  the  equator,  would  not  only  lose  their 
weight,  but  would  fly  away,  and  leave  the  earth. 

Solar  and  Siderial  Time. 

The  stars  appear  to  go  round  the  earth  in  23  hours,  56 
minutes,  and  4  seconds,  while  the  sun  appears  to  perform  the 
same  revolution  in  24  hours,  so  that  the  stars  gain  3  minutes 
and  56  seconds  upon  the  sun  every  day.  In  a  year,  this 
amounts  to  a  day,  or  to  tiie  tirtie  taken  by  the  earth  to  per- 
form one  diurnal  revolution.  It  therefore  happens,  that  when 
time  is  measured  by  the  stars,  there  are  366  days  in  the  year, 
or  366  diurnal  revolutions  of  the  earth,  while,  if  measured 
by  the  sun  from  one  meridian  to  another,  there  are  only  365 
whole  days  in  the  year.  The  former  arc  called  the  siderial 
and  the  latter  the  solar  days. 

To  account  for  this  difference,  we  must  remember  that  the 
earth,  while  she  performs  her  daily  revolutions,  is  constantly 
advancing  in  her  orbit,  and  that,  therefore,  at  12  o'clock  to- 
day, she  is  not  precisely  at  the  same  place  in  respect  to  the 

What  two  causes  render  the  weights  of  bodies  less  at  the  equator  than 
at  the  poles?  What  would  be  the  consequence  on  the  weights  of  bo- 
dies at  the  equator,  did  tlie  earth  turn  over  once  in  84  minutes  and  43 
seconds  ?  The  stars  appear  to  move  round  the  earth  in  less  time  than 
the  sun,  what  does  the  difference  amount  to  in  a  year  ■'  What  is  the 
year  measured  by  a  star  called  ?  What  is  that  measured  by  the  sun 
called  ? 
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sun,  that  she  was  at  12  o'clock  yesterday,  or  will  be  to-mor- 
row.  But  the  fixed  stars  are  at  such  an  ama/ing  distance 
from  us,  that  the  earth's  orbit,  in  respect  to  them,  is  but  a 
point ;  and  therefore,  as  the  earth's  diurnal  motion  is  perfectly 
uniform,  she  revolves  from  any  given  star  to  the  same  star 
again,  in  exactly  the  same  period  of  absolute  time.  The  orbit 
of  the  earth,  were  it  a  solid  mass,  instead  of  an  imaginary 
circle,  would  have  no  appreciable  length  or  breadth,  when 
sefen  from  a  fixed  star,  and  therefore,  whether  the  earth  per- 
formed her  diurnal  revolutions  at  a  particular  station,  or  while 
passing  round  in  her  orbit,  would  make  no  appreciable  differ- 
ence with  respect  to  the  star.  Hence  the  same  star,  at  every 
complete  daily  revolution  of  the  earth,  appears  precisely  in 
the  same  direction  at  all  seasons  of  the  year.  The  moon,  for 
instance,  would  appear  at  exactly  the  same  point,  to  a  person 
who  walks  round  a  circle  of  a  hundred  yards  in  diameter, 
and  for  the  same  reason  a  star  appears  in  the  same  direction 
from  all  parts  of  the  earth's  orbit,  though  190  millions  of  miles 
in  diameter. 

If  the  earth  had  only  a  diurnal  motion,  her  revolution,  in 
respect  to  the  sun,  would  coincide  exactly  with  the  same 
revolution  in  respect  to  the  stars,  but  while  she  is  making  one 
revolution  oii  her  axis  towards  the  east,  she  advances  in  the 
same  direction  about  one  degree  in  her  orbit,  'so  that  to  bring 
the  same  meridian  towards  the  sun,  she  must  make  a  little 
more  than  one  entire  revolution. 

Fig.  202. 


How  is  the  difTerence  in  time  between  the  solar,  and  siderial  year  ac- 
counted for  ?  The  earth's  orbit  is  but  a  point,  in  reference  to  a  star  ; 
how  is  this  illustrated  ? 
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To  make  this  plain,  suppose  the  sun,  5.  fig.  202,  to  be  ex- 
actly on  a  meridian  line  marked  at  e,  on  the  earth  A,  on  -d 
given  day.     On  the  next  day,  the  earth,  insteadof  beingat  A, 
as  on  the  day  before,  advances  in  its  orbit  to  B,  and  in  the 
mean  time  having  completed  her  revolution,  in  respect  to  a 
star,  the  same  meridian  line  is  not  brought  under  the  sun,  as 
on  tlie  day  before,  but  falls  short  of  it  as  at  e,  so  that  the  earth 
has  to  perform  more  than  a  revolution,  by  the  distance  frome 
to  0,  in  order  to  bring  the  same  meridian  again  under  the  sun. 
So  on  the  next  day,  when  the  earth  is  at  C,  she  must  again 
complete  more  than  two  revolutions,  since  leaving  A,  by  the 
space  from  e  to  0,  before  it  will  again  be  noon  at  e. 

Thus,  it  is  obvious,  that  the  earth  must  complete  one  revo- 
lution, and  a  portion  of  a  second  revolution,  equal  to  the  space 
she  has  advanced  in  her  orbit,  in  order  to  bring  the  same  me- 
ridian back  again  to  the  sun.     This  small  portion  of  a  second 
revolution  amounts  daily  to  the  365th  part  of  her  circumfer- 
ence, and  therefore,  at  the  end  of  the  year,  to  one  entire  rota- 
lion,  and  hence  in  3G5  days,  the  earth  actually  turns  on  her 
axis'  366  times.     Thus,  as  one  complete  rotation  forms  a  si- 
derial  day,  there  must,  in  the  year,  be  one  siderial,  more  than 
there  are  solar  days,  one  rotation  of  the  earth,  with  respect  to 
the  sun  being  lost,  by  the  earth's  yearly  revolution.    The  same 
loss  of  a  day,  happens  to  a  traveller,  who,   in  passing  round 
the  earth  towards  the  west,  reckons  his  time  b^  the  rismg  and 
setting  of  the  sun.     If  he  passes  around  towards  the  east,  he 
will  gain  a  day  for  the  same  reason. 

Equation  of  Time. 

As  the  motion  of  the  earth  about  its  axis  is  perfectly  uni- 
form, the  siderial  days,  as  we  have  already  seen,  are  exactly  of 
the  same  length,  in  all  parts  of  the  year.  But  as  the  orbit  of 
the  earth,  or  the  apparent  path  of  the  sun,  is  inclined  to  the 
earth's  axis,  and  as  the  earth  moves  with  different  velocities 
in  different  parts  of  its  orbit,  the  solar,  or  natural  days,  arc 
somtimes  greater  and  sometimes  less  than  24  hours,  as  shown 

Had  the  earth  only  a  diurnal  revolution,  would  the  siderial  and  solar 
time  asiree  '  Show  by  fig.  20.',  how  siderial,  differs  from  solar  time. 
Whv  does  not  the  earth  turn  the  same  meridian  to  the  sun  at  tlie  Bame 
time  overv  day  ?  How  many  times  does  the  earth  turn  on  her  axis  in 
a  vear  '  Why  does  she  turn  more  times  than  there  are  days  in  the 
y.,ar  ?  Why  are  the  solar  days  sometimes  greater,  and  sometimes  less 
than  ^1  hours  .' 
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by  an  accurate  clock.  The  consequence  is,  that  a  true  sun 
dial,  or  noon  mark,  and  a  true  time  piece,  agree  with  each 
other,  only  a  few  limes  in  a  year.  The  difference  between 
the  sun  dial  and  clock,  thus  shown,  is  called  the  equation  &f 
time. 

The  difference  between  the  sun  and  a  well  regulated  clock, 
thus  arises  from  two  causes,  the  inclination  of  the  earth's  axis 
to  the  ecliptic,  and  the  elliptical  form  of  the  earth's  orbit. 

That  the  earth  moves  in  an  ellipse,  and  that  its  motion  is 
more  rapid  sometimes  than  at  others,  as  well  as  that  the  earth's 
axis  is  inclined  to  the  ecliptic,  have  already  been  explained, 
and  illustrated.  It  remains,  therefore,  to  show  how  these 
two  combined  causes,  the  elliptical  form  of  the  orbit,  and  the 
incHnationof  theaxis,  produce  the  disagreement  between  the 
sun  and  clock.  In  this  explanation,  we  must  consider  the 
sun  as  moving  around  the  ecliptic,  while  the  earth  revolves  on 
her  axis. 

Equal,  or  mean  time,  is  that  which  is  reckoned  by  a  clock, 
supposed  to  indicate  exactly  24  hours,  from  12  o'clock,  on 
one  day,  to  12  o'clock  on  the  next  day.  Apparent  time,  is 
that,  which  is  measured  by  the  apparent  motion  of  the  sun  in 
the  heavens,  as  indicated  by  a  meridian  line,  or  sun  dial. 

Were  the  earth's  orbit  a  perfect  circle,  fig.  19G,  and  her 
axis  perpendicular  to  the  plane  of  this  orbit,  the  days  would 
be  of  uniform  length,  and  there  would  be  no  difference  be- 
tween the  clock  and  the  sun  ;  both  would  indicate  12  o'clock 
at  the  same  time,  on  every  day  in  the  year.  But  on  account 
of  the  inclination  of  the  earth's  axis  to  the  ecliptic,  unequal 
portions  of  the  sun's  apparent  path  through  the  heavens  will 
pass  any  meridian  in  equal  times.  This  may  be  readily  ex. 
plained  to  the  pupil,  by  means  of  an  artificial  globe,  but  per- 
haps  it  will  be  understood  by  the  following  diagram. 

What  is  the  difference  between  the  time  of  the  sun  dial,  and  a  clock 
called  ?  What  are  the  causes  of  the  difference  between  the  sun  and 
clock  ?  In  explaining  equation  of  time,  what  motion  is  considered  as 
belonging  to  the  sun,  and  what  molion  to  the  earth  ?  What  is  equal, 
or  mean  time  ?     What  is  apparent  time  ? 
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'Fig.  203.  Ijet  AN B  S,  fig. 

203,  be  the  concave 
of  the  heavens,  in  the 
centre  of  which  is 
the  earth.  Let  the 
line  A  B,  be  the 
equator,  extending 
through  the  earth 
and  the  heavens,  and 
let  A,  a,  b  C,  c,  and 
fBd,  be  the  ecliptic,  or 
the  apparent  path  of 
the  sun  through  the 
heavens.  Also,  let 
A,  1,  2,  3,  4,  5,  be 
equal  distances  on 
the  equator,  and  A,  a, 
b,  C,  c  and  d,  equal 
•-''  portions  of  the  eclip- 

tic, corresponding  with  A  1, 2,  3,  4,  and  5.  Now  we  will  sup- 
pose, that  there  are  two  suns,  namely,  a  false,  and  a  real  one  ; 
that  the  false  one  passes  through  the  celestial  equator,  which 
is  only  an  extension  of  the  earth's  equator  to  the  heavens  ; 
while  the  real  sun  has  an  apparent  revolution  through  the 
ecliptic;  and  that  they  both  start  from  the  point  A,  at  the 
same  instant.  The  false  sun  is  supposed  to  pass  through  the 
celestial  equator  in  the  same  time,  that  the  real  one  passes 
through  the  ecliptic,  but  not  through  the  same  meridians 
at  the  same  time,  so  that  the  false  sun  arrives  at  the  points 
1,  2,  3,4,  and  H,  at  the  time  when  the  real  sun  arrives  at 
the  points  a,  b,  C,  and  c.  When  the  two  suns  were  at  A, 
the  starting  point,  they  were  both  on  the  sume  meridian, 
but  when  the  fictitious  sun  comes  to  1,  and  the  real  sun  to  a, 
they  are  not  in  the  same  meridian,  but  the  real  sun  is  west- 
ward  of  the  fictitious  one,  the  real  sun  being  at  a,  while  the 
false  sun  is  on  the  meridian  I,  consequently,  as  the  earth 
turns  on  its  axis  from  west  to  east,  any  particular  place  will 

In  fig.  203,  which  is  the  celestial  equator,  and  which  the  ecliptic  ? 
Through  vvliich  of  these  circles  doss  the  false,  and  through  which  does 
the  true  sun  pass  ?  When  the  real  sun  arrives  to  a.  and  the  false  one  to 
1,  are  they  both  on  the  same  meridian  ?  Which  is  then  most  westward  ? 
When  the  two  suns  are  at  1  and  a,  why  will  any  meridian  come  first 
under  the  real  sun?  Were  thetfue  sun  in  place  of  the  false  one,  why 
would  the  sun  and  clock  agree? 
22 
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come  under  the  real  sun's  meridian,  sooner  than  under  tlic 
fictitious  sun's  meridian  ;  that  is,  it  will  be  12  o'clock  by  the 
true  sun,  before  it  is  12  o'clock  by  the  false  sun,  or  by  a  true 
clock ;  but  were  the  true  sun  in  place  of  the  false  one,  the 
sun  and  clock  would  agree.  While  the  true  sun  is  passing 
through  that  quarter  of  his  orbit,  from  a  to  C,  and  the  ficti- 
tious sun  from  1  to  3,  it  will  always  be  noon  by  the  true  sun 
before  ii  is  noon  by  the  false  sun,  and  during  this  period,  the 
sun  will  be  faster  than  the  clock. 

When  the  true  sun  arrives  at  C,  and  the  false  one  at  3,  they 
are  both  on  the  same  meridian,  and  the  sun  and  clock  agree. 
But  while  the  real  sun  is  passing  from  C  to  B,  and  the  false  one 
from  3  to  B,  any  meridian  comes  later  under  the  true  sun  than 
it  does  under  the  false,  and  then  it  is  noon  by  the  sun  after  it 
is  noon  by  the  clock,  and  the  sun  is  then  said  to  be  slower  than 
the  clock.  At  B,  both  suns  are  again  on  the  same  meridian, 
and  then  again  the  sun  and  clock  agree. 

We  have  thus  followed  the  real  sun  through  one  half  of  his 
true  apparent  place  in  the  heavens,  and  the  false  one  through 
half  the  celestial  equator,  and  have  seen  that  the  two  suns, 
since  leaving  the  point  A,  have  been  only  twice  on  the  same 
meridian  at  the  same  time.  It  has  been  supposed  that  the  two 
suns  passed  through  equal  arcs,  in  equal  times,  the  real  sun 
through  the  ecliptic,  and  the  false  one  through  the  equator. 
The  place  of  the  false  sun  may  be  considered  as  representing 
the  place  where  the  real  sun  would  be,  in  case  the  earth's  axis 
bad  no  inclination,  and  consequently  it  agrees  with  the  clock 
every  24  hours.  But  the  true  sun,  as  he  passes  round  in  the 
ecliptic,  comes  to  the  same  meridian,  sometimes  sooner,  and 
sometimes  later,  and  m  passing  around  the  other  half  of  the 
ecliptic,  or  in  the  other  half  year,  the  same  variations  succeed 
each  other. 

The  two  suns  are  supposed  to  depart  from  the  point  A,  on 
the  2()th  of  March,  at  which  time  the  sun  and  clock  coincide. 
From  this  time,  the  sun  in  faster  than  the  clock,  until  the  two 
suns  come  together  at  the  point  C,  which  is  on  the  21st  of 
June,  when  the  sun  and  clock  again  agree.  From  this  period 
the  sun  is  slower  than  the  clock,  until  the  23d  of  September, 

While  the  suns  are  passing  from  A  to  C,  and  from  1  to  3,  will  the 
sun  l)e  faster,  or  slower  than  the  clock?  When  the  two  suns  are  at  C, 
and  3,  why  will  the  sun  and  clock  agree  ?  While  the  real  sun  is  passing 
Tiom  B  to  C,  which  is  fastest,  the  clock,  or  sun?  What  does  the  place 
■J  the  false  sun  represent,  in  fig-  203? 
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undfastef  again  until  the  21st  of  December,   at  which  lime 
they  agree  as  before. 

We  have  thus  seen  how  the  inclination  of  the  earth's  axis, 
and  the  consequent  obliquity  of  the  equator  to  the  ecliptic, 
causes  the  sun  and  clock  to  disagree,  and  on  what  days  they 
would  coincide,  provided  no  other  cause  interfered  with  their 
agreement.  But  although  the  inclination  ut  the  earth's  axis 
would  bring  the  sun  and  clock  together  on  the  above  men- 
tioned days,  yet  this  agreement  is  counteracted  by  another 
cause,  which  is  the  elliptical  form  of  the  earth's  orbit,  and 
though  the  sun  and  clock  do  agree  four  times  in  the  year,  it 
is  not  on  any  of  the  days  above  mentioned. 

It  has  been  shown  by  fig.  193,  that  the  earth  moves  more 
rapidly  in  one  part  of  its  orbit  than  in  another.  When  it  is 
nearest  the  sun,  which  is  in  the  winter,  its  velocity  is  greater, 
than  when  it  is  most  remote  from  him,  as  in  the  summer. 
Were  the  earth's  orbit  a  perfect  circle,  the  sun  and  clock 
would  coincide  on  the  days  above  specified,  because  then  the 
only  disagreement  would  arise  from  the  inclination  of  the 
earth's  axis.  But  since  the  earth's  distance  from  the  sun  is 
constantly  changing,  her  rate  of  velocity  also  changes,  and 
she  passes  through  unequal  portions  of  her  orbit  in  equal 
times.  Hence  on  some  days,  she  passes  through  a  greater 
portion  of  it  than  on  others,  and  thus  this  becomes  another 
cause  of  the  inequality  of  the  sun's  apparent  motion. 

The  elliptical  form  of  the  earth's  orbit  would  prevent  the 
coincidence  of  the  sun  and  clock  at  all  times,  except  when 
the  earth  is  at  the  greatest  distance  from  the  sun,  which  hap- 
pens  on  the  1st  of  July,  and  when  she  is  at  the  least  distance 
from  him,  which  happens  on  the  1st  of  January.  As  the  earth 
moves  faster  in  the  winter  than  in  the  summer,  from  this 
cause,  the  sun  would  be  faster  than  the  clock  from  the  1st  of 
July  to  the  1st  of  January,  and  then  slower  than  the  clock 
from  the  1st  of  January  to  the  1st  of  July. 

We  have  now  explained,  separately,  the  two  causes  which 
prevent  the  coincidence  of  the  sun  and  clock.  By  the  first 
cause,  which  is  the  inclination  of  the  earth's  axis,  they  would 

The  inclination  of  the  earth's  axis  would  make  the  sun  and  clock 
agree  in  March  and  the  other  months  above  named  :  why  then  do  they 
not  actually  agree  at  those  tirats  ?  Were  the  earth's  orbit  a  perfect 
circle,  on  what  days  would  the  sun  and  clock  agree  ?  Mow  does  the 
form  of  the  earth's  orbit  interfere  with  the  agreement  of  the  sun  and 
clpck  on  those  days  '  At  what  time?  would  the  form  of  the  earth's  or-? 
bit  bring  the  sun  and  clock  to  agree  ? 
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agree  four  times  in  the  year,  and  by  the  second  cause,  the  ir- 
regularity of  the  earth's  motion,  they  would  coincide  only 
twice  in  the  year- 

Now  these  two  causes  counteract  the  effects  of  each  other, 
so  that  the  sun  and  clock  do  not  c  )incide  on  any  of  the  days, 
when  either  cause,  taken  singly,  would  make  an  agreement 
between  them.  The  sun  and  clock,  therefore,  are  together, 
only  when  the  two  causes  balance  each  other  ;  that  is,  when 
one  cause  so  counteracts  the  other,  as  to  make  a  mutual 
agreement  between  them.  This  effect  is  produced  four  times 
in  the  year  ;  namely,  on  the  15th  of  April,  15th  of  June,  Slst 
of  August,  and  24th  of  December.  On  these  days,  the  sun 
and  a  clock  keeping  exact  time,  coincide,  and  on  no  others. 
The  greatest  difference  between  the  sun  and  clock,  or  between 
apparent  and  mean  time,  is  16^  minutes,  which  takes  place 
about  the  1st  of  November. 

Precession  of  the  Equinoxes. 

A  tropical  year  is  the  time  it  takes  the  sun  to  pass  from 
one  equinox,  or  tropic,  to  the  same  tropic,  or  equinox  again. 

A  siderial  year  is  the  time  it  takes  the  sun  to  perform  his 
apparent  annual  revolution,  from  a  fixed  star,  to  the  same  fix- 
ed  star  again. 

Now  it  has  been  found  that  these  two  complete  revolutions 
are  not  finished  in  exactly  the  same  time,  but  that  it  takes  the 
sun  about  20  minutes  longer  to  complete  his  apparent  revolu- 
tion in  respect  to  the  star,  than  it  does  in  respect  to  the  equi- 
nox, and  hence  the  siderial  year  is  about  20  minutes  longer 
than  the  tropical  year.  The  revolution  of  the  earth  from 
equinox  to  equinox,  again,  therefore  precedes  its  complete  re- 
volution in  the  ecliptic  by  about  20  minutes,  for  the  absolute 
revolution  of  the  earth  is  measured  by  its  return  to  the  fixed 
star,  and  not  by  the  return  of  the  sun  to  the  same  equinoctial 
point.  This  apparent  falling  back  of  the  equinoctial  point, 
so  as  to  make  the  time  when  it  meets  the  axxn  precede  the  time 

The  inclination  of  the  earth's  axis  would  make  the  sun  and  clock 
agree  four  times  in  the  year,  and  the  form  of  the  earth's  orbit  would 
make  them  agree  twice  in  the  year,  now  show  the  reason  why  they  do 
not  agree  from  these  causes,  on  theabo\'c  mentioned  days,  and  why  they 
do  agree  on  other  days.  On  what  days  do  the  sun  and  clock  agree  ? 
What  is  a  tropical  year  ?  What  is  a  siderial  year?  What  is  tl'e  dif- 
ference in  the  time  which  it  takes  the  sun  to  complete  his  revolution  in 
respect  to  a  star,  and  in  respect  to  the  eqninox?  Explain  what  is  meant 
by  the  precession  of  the  equinoxes. 
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when  the  earth  makes  its  complete  revolution  in  respect  to  the 
Star,  is  called  the  precession  of  the  equinoxes. 

The  distance  which  the  sun  thus  gains  upon  the  fixed  star, 
or  the  difference  between  the  sun  and  star,  when  the  sun  has 
arrived  at  the  equinoctial  point,  amounts  to  50  seconds  of  a 
degree,  thus  making  the  equinoctial  point  recede  50  seconds 
of  a  degree,  (when  measured  by  the  signs  of  the  zodiac,) 
westward,  every  year,  contrary  to  the  sun's  ancual  progressive 
motion  in  the  ecliptic. 

Fig.  204. 


To  illustrate  this  by  a  figure,  suppose  S,  fig.  204,  to  be  the 
sun,  E  the  earth,  and  o  a  fixed  star,  all  in  a  straight  line  with 
respect  to  each  other.  Let  it  be  supposed  that  this  opposi- 
tion lakes  place  on  the  21st  of  March,  at  the  vernal  exquitiox, 
and  that  at  that  time  the  earth  is  exactly  between  the  sun  and 
the  star.  Now  when  the  earth  has  performed  a  complete 
revolution  around  its  orbit  b,  a,  as  measured  by  the  star,  she 
will  arrive  at  precisely  the  same  point  where  she  now  is.  But 
it  is  found  that  when  the  earth  comes  to  the  same  equinoctial 
point,  the  next  year,  she  has  not  gone  her  complete  revolution 
in  respect  to  the  star  ;  the  equinoctial  point  having  fallen  back 
with  respect  to  the  star,  during  the  year,  from  E  to  e,  so  that 
the  earth,  after  having  completed  her  revolution,  in  respect  to 

How  many  seconds  of  a  degree  does  the£quinox  recede  every  year, 
when  the  sun's  place  is  compared  with  a  star?  How  does  tig.  204,  il- 
lustrate the  precession  of  the  equinoxes  ?  Explain  fig.  204,  and  show 
from  what  points  the  equinoxes  fall  back  from  year  to  year. 

22* 
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the  equinox,  has  yet  to  pass  the  space  from  e  to  E,  to  com- 
plete  her  revolution  in  respect  to  the  star. 

The  space  from  e  to  E  being  50  seconds  of  a  degree,  and 
the  equinoctial  point  falling  this  space  every  year  short  of  the 
place  where  the  sun  and  this  point  agreed  the  year  before,  it 
is  obvious,  that  on  the  next  revolution  of  the  earth,  the  equi- 
nox  will  not  be  found  at  e,  but  at  i,  so  that  the  earth,  having 
completed  her  second  revolution  in  respect  to  the  sun  when  at 
■/,  will  still  have  to  pass  from  i  to  E,  before  she  completes  an- 
other  revolution  in  respect  to  the  star. 

The  precession  of  the  equinoxes,  being  50  seconds  of  a  de- 
gree, every  year,  contrary  to  the  sun's  apparent  motion,  or 
about  20  minutes  in  time,  short  of  the  point  where  the  sun 
and  equinoxes  coincided  the  year  before,  it  follows,  that  the 
fixed  stars,  or  those  in  the  signs  of  the  zodiac,  move  forward 
every  year  50  seconds,  with  respect  to  the  equinoxes. 

In  consequence  of  this  precession,  in  2160  years,  those  stars 
which  now  appear  in  the  beginning  of  the  sign  Aries,  for  in- 
stance, will  then  appear  in  the  beginning  of  Taurus,  having 
moved  forward  one  whole  sign,  or  30  degrees,  with  respect  to 
the  equinoxes,  or  the  equinoxes  having  gone  backwards  30 
degrees,  with  respect  to  the  stars.  In  1'2,960  years,  or  6  times 
2160  years,  therefore,  the  stars  will  appear  to  have  moved 
forward  one  half  of  the  whole  circle  of  the  heavens,  so  that 
those  which  now  appear  in  the  first  degree  of  the  sign  Aries, 
will  then  be  in  the  opposite  point  of  the  zodiac,  and  therefore, 
in  the  first  degree  of  Libra.  And  in  12,690  years  more,  be- 
cause the  equinoxes  will  have  fallen  back  the  other  half  of 
the  circle,  the  stars  will  appear  to  have  gone  forward,  from 
Libra  to  Aries,  thus  completing  the  whole  circle  of  the  zodiac. 
Thus  in  about  26,000  years  the  equinox  will  have  gone  back- 
wards a  whole  revolution  around  the  axis  of  the  ecliptic,  and 
the  stars  will  appear  to  have  gone  forward  the  whole  circle 
of  the  zodiac. 

Thediscovery  of  the  precession  of  the  equinoxes  has  thrown 
much  light  on  ancient  astronomy  and  chronology,  by  showing 
an  agreement  between  ancient  and  modern  observations,  con- 

How  many  minutes,  in  time,  is  the  precession  of  the  equinoxes  per 
year?  What  effect  does  ihig  precession  produce  on  the  fixed  stars  ? 
How  many  years  is  a  star  in  going  forward  one  degree,  in  respect  to  the 
equinoxes?  In  how  many  years  will  the  stars  appear  to  have  passed 
half  around  the  heavens''  In  what  period  will  the  eartJi  appear  to  have 
gone  backwards  one  whole  revolution  ?  in  what  respect  is  the  preces- 
sion of  the  equinoxes  an  important  subject  ? 
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ceraing  the  places  of  the  signs  of  the  zodiac,  not  to  be  recon- 
ciled in  any  other  manner. 

A  complete  explanation  of  the  cause  which  occasions  the 
precession  of  the  equinoxes,  would  require  the  aid  of  the  most 
abstruse  mathematics,  and  therefore  cannot  be  properly  in. 
troduced  here.  The  cause  itself,  may,  however,  be  stated  in 
a  few  words. 

It  has  already  been  explained,  that  the  revolution  of  the 
earth  round  its  axis,  has  caused  an  excess  of  matter  to  be 
accumulated  at  the  equator,  and  hence,  that  the  equatorial,  is 
greater  than  the  polar  diameter,  by  34  miles.  Now  the  at- 
traction of  the  sun,  and  moon,  on  this  accumulated  matter  at 
the  e(juator,  has  the  etiect  of  slowly  turning  the  earth  about 
the  axis  of  tlie  ecliptic,  and  thus  causing  the  precession  of 
the  equinoxes. 

The  Moon. 

While  the  earth  revolves  round  the  sun,  the  moon  revolves 
round  the  earth,  completing  her  revolutions  once  in  27  days, 
7  hours,  and  43  minutes,  and  at  the  distance  of  240,000  miles 
from  the  earth.  The  period  of  the  moon's  change,  that  is, 
from  new  moon  to  new  moon  again,  is  29  days,  12  hours,  and 
44  minutes. 

The  time  of  the  moon's  revolution  round  the  earth  is  called 
her  periodical  month  ;  and  t]je  time  from  change  to  change 
is  called  her  synodical  month.  If  the  earth  had  no  annual 
motion,  these  two  periods  would  be  equal,  but  because  the 
earth,  goes  forward  in  her  orbit,  while  the  moon  goes  round 
the  earth  the  moon  must  go  as  much  further,  from  change  to 
change,  to  make  these  periods  equal,  as  the  earth  goes  for- 
ward during  that  time,  which  is  more  than  the  twelfth  part  of 
her  orbit,  there  being  more  than  twelve  lunar  periods  in  the 
year. 

These  two  revolutions  may  be  familiarly  illustrated  by  the 
motions  of  the  hour  and  minute  hands  of  a  M'atch.  Let  us 
suppose  the  12  hours  marked  on  the  dial  plate  of  a  watch  to 
represent  the  12  signs  of  the  zodiac  through  which  the  sun 
seems  to  pass  in  his  yearly  revolution,  while  the  hour  hand  of 

■What  is  the  cause  of  the  precession  of  the  equinoxes  ?  What  is  the 
period  of  the  moon's  revolution  round  the  earth  i"  What  is  the  period 
from  new  moon  to  new  moon  again?  What  are  these  two  periods 
called  .'  ^V'hy  arc  not  the  periodical  and  synodical  months  equal  ?  How 
are  these  iwo  revolutions  of  the  moon  illustrated  by  the  two  hands  ot 
a  watch .'' 
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the  watch  represents  the  sun,  and  the  minute  liand  the  moon. 
Then,  as  the  hour  hand  goes  around  the  dial  plate  once  in  12 
hours,  so  the  sun  apparently  goes  around  the  zodiac  once  in 
12  months  ;  and  as  the  minute  hand  makes  12  revolutions  to 
one  of  the  hour  hand,  so  the  moon  makes  12  revolutions  to 
one  of  the  sun.  But  the  moon,  or  minute  hand,  must  go  more 
than  once  round,  from  any  point  on  the  circle,  where  it  last 
came  in  conjunction  with  the  sun,  or  hour  hand,  to  overtake 
it  again,  since  the  hour  hand  will  have  moved  forward  of  the 
place  where  it  was  last  overtaken,  and  consequently  the  next 
conjunction  must  be  forward  of  the  place  where  the  last  hap- 
pened. During  an  hour,  the  hour  hand  describes  the  twelfth 
part  of  the  circle,  but  the  minute  hand  has  not  only  to  go 
round  the  whole  circle  in  an  hour,  but  also  such  a  portion  of 
it,  as  the  hour  hand  has  moved  forward  since  they  last  met. 
Thus  at  12  o'clock,  the  hands  are  in  conjunction ;  the  next 
conjunction  is  5  minutes  27  seconds  past  1  o'clock  ;  the  next, 
10  min.  54  sec.  past  II  o'clock  ;  the  third,  16  min.  21  sec. 
past  III  ;  the  4th,  21  min.  49  sec.  past  IV  ;  the  5th,  27  min. 
10  sec.  past  V  ;  the  6th,  32  min.  43  sec.  past  VI ;  the  7th, 
38  min.  10  sec.  past  VII  ;  the  8th,  43  min.  38  sec.  past  VIII ; 
the  9th,  49  min.  5  sec.  past  IX  ;  the  10th,  54  min.  32  sec. 
past  X  ;  and  the  next  conjunction  is  at  XII. 

Now  although  the  moon  passes  around  the  earth  in  27  days 
7  hours  and  43  minutes,  yet  her  change  does  not  take  place 
at  the  end  of  this  period,  because  her  changes  are  not  occa- 
sioned  by  her  revolutions  alone,  but  by  her  coming  periodical- 
ly into  the  same  position  in  respect  to  the  sun.  At  her  change, 
she  is  in  conjunction  with  the  sun,  when  she  i«  not  seen  at  all, 
and  at  this  time  astronomers  call  it  new  moon,  though  gene- 
rally, we  say  it  is  new  moon  two  days  afterwards,  when  a 
small  part  of  her  face  is  to  be  seen.  The  reason  why  there 
is  not  a  new  moon  at  the  end  of  27  days,  vrill  be  obvious,  from 
the  motions  of  the  hands  of  a  watch  ;  for  we  see  that  more 
than  a  revolution  of  the  minute  hand  is  required  to  bring  it 
again  in  the  same  position  with  the  hour  hand,  by  about  the 
twelfth  part  of  the  circle. 

The  same  principle  is  true  in  respect  to  the  moon  ;  for  as 

Mention  the  time  of  several  conjunctions  between  the  two  hands  of  a 
watch.  Why  do  not  the  moon's  changes  takes  place  at  the  periods  of 
her  revolution  around  the  eartli  ?  How  much  longer  does  it  take  the 
moon  to  come  again  in  conjunction  with  the  sun,  than  it  does  to  perform 
her  periodical  revolution  ? 
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the  earth  advances  in  its  orbit,  it  takes  the  moon  2  days  5 
hours  and  1  minute  longer  to  come  again  in  conjunction  with 
the  sun,  than  it  does  to  make  her  monthly  revolution  round 
the  earth  ;  and  this  2  days,  5  hours  and  1  minute  being  added 
to  27  days  7  hours  and  43  minutes,  the  time  of  the  periodical 
revolution,  makes  29  days  12  hours  and  44  minutes,  the 
period  of  her  synodical  revolution. 

The  moon  always  presents  the  same  side,  or  face,  towards 
the  earth,  and  hence  it  is  evident  that  she  turns  on  her  axis 
but  once,  while  she  is  performing  one  revolution  round  the 
earth,  so  that  the  inhabitants  of  the  moon  have  but  one  day, 
and  one  night,  in  the  course  of  a  lunar  month. 

One  half  of  the  moon  is  never  in  the  dark,  because  when 
this  half  is  not  enlightened  by  the  sun,  a  strong  light  is  reffect- 
ed  to  her  from  the  earth,  during  the  sun's  absence.  The 
other  half  of  the  moon  enjoys  alternately  two  weeks  of  the 
sun's  light,  and  two  weeks  of  total  darkness. 

The  moon  is  a  globe,  like  our  earth,  and,  like  the  earth, 
shines  only  by  the  light  reflected  from  the  sun  ;  therefore, 
while  that  half  of  her  which  is  turned  towards  the  sun  is 
enlightened,  the  other  half  is  in  darkness.  Did  the  moon 
shine  by  her  own  light,  she  would  be  constantly  visible  to  us, 
for  then,  b^ing  ^^  orb,  and  every  part  illuminated,  we  should 
see  her  constantly  full  and  round,  as  we  do  the  sun. 

One  of  the  most  interesting  circumstances  to  us,  respecting 
the  moon,  is,  the  constant  changes  which  she  undergoes,  in 
her  passage  around  the  earth.  When  she  first  appears,  a  day 
or  two  after  her  change,  we  can  see  only  a  small  portion  of  her 
enlightened  side,  which  is  in  the  form  of  a  crescent ;  and  at 
this  time  she  is  commonly  called  new  moon.  From  this  peri- 
od,  she  goes  on  increasing,  or  showing  more  and  more  of  her 
face,  every  evening,  until  at  last  she  becomes  round,  and  her 
face  fully  illuminated.  She  then  begins  again  to  decrease,  by 
apparently  losing  a  small  section  of  her  face,  and  the  next 
evening,  another  small  section  from  the  same  part,  and  so  on, 
decreasing  a  little  every  day,  until  she  entirely  disappears  j 
and  having  been  absent  a  day  or  two,  re-appears,  in  the  form 
of  a  crescent,  or  new  moon,  as  before. 

How  is  it  proved  that  the  moon  makes  but  one  revolution  on  her  axis, 
as  she  passes  around  the  earth  .'  One  half  of  the  moon  is  never  in  the 
dark  ;  explain  why  this  is  so.  How  long  is  the  day  and  night  at  the 
other  half.'  How  ia  it  shown  that  the  moon  shines  only  by  reflected 
light ." 
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When  the  moon  disappears,  she  is  said  to  be  in  conjunction, 
that  is,  she  is  in  the  same  direction  from  us  with  the  sun. 
When  she  is  full,  she  is  said  to  be  in  opposition,  that  is,  she  is 
in  that  part  of  the  heavens  opposite  to  the  sun,  as  seen  by  us. 

The  different  appearances  of  the  moon,  from  new  to  full, 
and  from  full  to  change,  are  owing  to  her  presenting  different 
portions  of  her  enlightened  surface  towards  us  at  different 
times.  These  appearances  are  called  the  p/tasesofthe  moon, and 
are  easily  accounted  for,  and  understood  by  the  following  figure. 
Fig.  205. 


Let  S,  fig.  205,  be  the  sun,  E  the  earth,  and  A,  B,  C,  D, 
E,  the  moon  in  different  parts  of  her  orbit.  Now  when  the 
moon  changes,  or  is  in  conjunction  with  the  sun,  as  at  A,  her 
dark  side  is  turned  towards  the  earth,  and  she  is  invisible,  as 
represented  at  a.  The  sun  always  shines  on  one  half  of  the 
moon,  in  every  direction,  as  represented  at  A  and  B,  on  the 
inner  circle  ;  but  we  at  the  earth  see  only  such  portions  of  the 
enlightened  half  as  are  turned  towards  us.  After  her  change, 
when  she  has  moved  from  Ato  B,  a  small  part  of  her  illumi- 
nated  side  comes  in  sight,  and  she  appears  horned,  as  at  6,  and 
is  then  called  the  new  moon.  When  she  arrives  at  C,  several 
days  afterwards,  one  half  of  her  disc  is  visible,  and  she  ap- 
pears  as  at  c,  hei  appearance  being  the  same  in  both  circles. 
At  this  point  she  is  said  to  be  in  her  Jirst  quarter,  because  she 
has  passed  through  a  quarter  of  her  orbit,  and  is  90  degrees 

When  is  the  mooa  said  to  be  in  conjunction  with  the  sun,  and  when 
in  opposition  to  the  sun  ?  What  are  the  phases  of  the  moon  ?  Describe 
fig.  205,  and  show  how  the  moon  passes  from  change  to  full,  and  from 
full  to  change. 
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■from  the  place  of  her  conjunction  with  the  sun.     At;  D,  she 
shows  us  still  more  of  her  enhghtened  side,  and  is  then  said 
to  appear  gibbous,  as  at  d.     When  she  comes  to  E,  her  whole 
enlightened  side  is  turned  towards  the  earth,  and  she  appears 
in  all  the  splendor  of  a  full  moon.     During  the  other  half  of 
her  revolution,  she  daily  shows  less  and  less  of  her  illuminated 
side,  until  she  again  becomes  invisible  by  her  conjunction 
with  the  sun.     Thus  in  passing  from  her  conjunction  a,  to 
her  full,  e,  the  moon  appears,  every  day  to  increase,  while  in 
going  from  her  full  to  her  conjunction  again,  she  appears  to 
us  constantly  to  decrease,  but  as  seen  from  the  sun,  she  ap- 
pears  always  full. 

The  earth,  seen  by  the  inhabitants  of  the  moon,  exhibits 
the  same  phases  that  the  moon  does  to  us,  but  in  a  contrary 
order.  When  the  moon  is  in  her  conjunction,  and  conse- 
quently invisible  to  us,  the  earth  appears  full  to  the  people  of 
the  moon,  and  when  the  moon  is  full  to  us,  the  earth  is  dark 

to  them.  ,     ,         ■ 

The  earth  appears  thirteen  times  larger  to  the  lunarians 
than  the  moon  does  to  us.     As  the  moon  always  keeps  the 
same  side  towards  the  earth,  and  turns  on  her  axis  only  as  she 
moves  round  the  earth,  we  never  see  her  opposite  side.     Con- 
sequenlly,   the  lunarians  who  live  on  the  opposite  side  to  us 
never m  the  earth  at  all.     To  those  who  live  on  the  midd  e 
of  the  side  next  to  us,  our  earth  is  always  visible,  and  direct  y 
over  head,  turning  on  its  axis  nearly  thirty  times  as  rajpidly 
as  the  moon,  for  she  turns  only  once  in  about  thirty  days. 
A  lunar  astronomer,  who  should  happen  to  live  directly  oppo- 
site to  that  side  of  the  moon,  which  is  next  to  us,  would  have 
to  travel  a  quarter  of  the  circumference  of  the  moon,  or  about 
1500  miles,  to  see  our  earth  above  the  horizon,  and  it  he  had 
the  curiosity  to  see  such  a  glorious  orb,  in  its  full  splendor 
over  his  head,  he  must  travel  3000  miles.     But  if  his  cunositv 
equalled  that  of  terrestrials,  he  would  be  amply  compensated 
by  beholding  so  glorious  a  nocturnal  lummary,  a  moon  thir. 
teen  times  as  large  as  ours. 

That  the  earth  shines  upon  the  moon  as  she  does  upon  u=,, 
is  proved  by  the  fact  that  the  outline  of  her  whole  disc  may 

Wiiat  is  said  concerning  the  phases  of  the  earth,  as  seen  from  the 
moon^  When  does  the  earth  appear  full  at  the  moon  ?  W  hen  is  the 
Trt^in  her  change,  to  the  people  of  the  moon  ^^j^^y/j>/ -^J^^ 
live  on  one  side  of  the  moon  never  see  the  earth.  How  i.  it  knonu 
,  vilat  the  earth  shines  upon  the  moon,  as  the  moor,  does  upon  us  ? 
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be  seen,,  when  only  a  part  of  it  is  enlightened  by  the  sun. 
Thus  when  the  sky  is  clear,  and  the  moon  only  two  or  three 
days  old,  it  is  not  uncommon  to  see  the  brilliant  new  moon, 
with  her  horns  enlightened  by  the  sun,  and  at  the  same  time, 
the  old  moon  faintly  illuminated  by  reflection  from  the  earth. 
This  phenomenon  is  sometimes  called  "  the  old  moon  in  the 
new  moon's  arms." 

It  was  a  disputed  point  among  former  astronomers  whether 
the  moon  has  an  atmosphere  ;  but  the  more  recent  discoveries 
have  decided  that  she  has  an  atmosphere,  though  there  is 
reason  to  believe  that  it  is  much  less  dense  than  ours. 

When  the  moon's  surface  is  examined  through  a  telescope, 
it  is  found  to  be  wonderfully  diversified,  for  besides  the  dark 
spots  perceptible  to  the  naked  eye,  there  are  seen  extensive 
vallies,  and  long  ridges  of  highly  elevated  mountains. 

Some  of  these  mountains,  according  to  Dr.  Herschel,  are  4 
miles  high,  while  hollows  more  than  3  miles  deep,  and  almost 
exactly  circular,  appear  excavated  on  the  plains.  Astronomors 
have  been  at  vast  labor  to  enumerate,  figure,  and  describe,  the 
mountains  and  spots  on  thcs  surface  of  the  moon,  so  that  the 
latitude  and  longitude  of  about  100  spots  have  been  ascertain- 
ed, and  their  names,  shapes,  and  relative  positions  given.  A 
still  greater  number  of  mountains  have  been  named,  and  their 
heights  and  the  length  of  their  bases  detailed.  w 

The  deep  caverns,  and  broken  appearance  of  the  moon's 
surface,  long  smce  induced  astronomers,  to  believe  that  such 
effects  were  produced  by  volcanoes,  and  more  recent  discov- 
eries  have  seemed  to  prove  that  this  suggestion  was  not  with- 
out foundation.  Dr.  Herschel  saw  with  his  telescope,  what 
appeared  to  him  three  volcanoes  in  the  moon,  two  oi"  which 
were  nearly  extinct,  but  the  third  was  in  the  actual  state  of 
eruption,  throwing  out  fire,  or  other  luminous  matter,  in  vast 
quantities. 

It  was  formerly  believed  that  several  large  spots,  which  ap- 
peared to  have  plane  surfaces,  were  seas,  or  lakes,  and  that  a 
part  of  the  moon's  surface  was  covered  with  water,  like  that 
of  our  earih.  But  it  has  been  found,  on  closely  observing 
these  spots,  when  they  were  in  such  a  position  as  to  reflect 
the  sun's  light  to  the  earth,  had  they  been  wafer,  that  no 
such  reflection  took  place.     It  has  also  been  found,  that  when 

What  is  said  concerning  the  moon's  atmosphere  ?  How  high  are 
some  of  the  mountains,  and  how  deep  the  caverns  of  the  moon  ?  Wliat 
is  said  concerning-  the  volcanoes  of  the  moon .-' 
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these  spots  were  turned  in  a  certain  position,  their  surfaces 
appeared  rough,  and  uneven  ;  a  certain  indication  that  they 
are  not  water.  These  circumstances,  together  with  the  fact, 
that  the  moon's  surface  is  never  obscured  by  mist,  or  vapor, 
arising  from  the  evaporation  of  water  from  her  surface,  iiave 
induced  astronomers  to  believe,  that  the  moon  has  neither 
seas,  lakes,  nor  rivers,  and  indeed  that  no  water  exists  there. 

Eclipses. 

Every  planet  and  sattellite  in  the  solar  system  is  illuminated 
by  the  sun,  and  hence  they  cast  shadows  in  the  direction  op- 
posite to  him,  just  as  the  shadow  of  a  man  reaches  from  the 
sun.  A  shadow  is  nothing  more  than  the  interception  of  the 
rays  of  light  by  an  opaque  body.  The  earth  always  makes  a 
shadow,  "which  reaches  to  an  immense  distance  into  open 
space,  in  the  direction  opposite  to  the  sun.  When  the  earth, 
turning  on  its  axis,  carries  us  out  of  the  sphere  of  the  sun's 
light,  we  say  it  is  sun-set,  and  then  we  pass  into  the  earth's 
shadow,  and  night  comes  on.  When  the  earth  turns  half 
round  from  this  point,  and  we  again  emerge  out  of  the  earth's 
shadow,  we  say,  the  sun  rises,  and  then  day  begms. 

Now  an  eclipse  of  the  moon  is  nothing  more  than  her  falhng 
into  the  #adow  of  the  earth.  The  moon  having  no  hglit  of 
her  own,  is  thus  darkened,  and  we  say  she  is  eclipsed.  1  he 
shadow  of  the  moon  also  reaches  to  a  great  distance  from  her. 
We  know  that  it  reaches  at  least  240,000  miles,  because  it 
sometimes  reaches  the  earth.  An  eclipse  of  the  sun  is  occa- 
sioned  whenever  the  earth  falls  into  the  shadow  of  the  moon. 
Hence  m  eclipses,  whether  of  the  sun  or  moon,  the  two  plan- 
ets  and  the  sun,  must  be  nearly  in  a  straight  line  with  respect 
to  each  other  In  echpses  of  the  moon,  the  earth  is  between 
the  sun  and  moon,  and  in  eclipses  of  the  sun,  the  moon  is  be- 
tween  the  earth  and  sun.  ,  „i 

If  the  moon  went  around  the  sun  in  the  same  plane  with 
the  earth,  that  is,  were  the  moon's  orbit  on  the  plane  of  the 

What  is  supposed  concerning  the  lakes  and  seas  of  the  moon  ?  On 
what  grounds  is  it  supposed  that  there  is  no  water  a  the  moon  ?  What 
Ta  shadow  ?  When  do  ^ve  say  it  is  sun-set,  and  wlien  do  we  say  it  is 
sun-rise'  What  occasions  an  eclipse  of  the  moon  Wha  causes 
ecHpses  of  the  sun  ?  In  eclipses  of  the  moon,  what  planet  ,s  between 
the  sun  and  moon  ?  In  eclipses  of  the  sun,  what  planet  is  between  the 
sun  and  earth  >  Why  is  ther.  not  an  eclipse  of  the  sun  at  every  con- 
junction of  the  sun  and  moon  ? 
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ecliptic,  there  would  happen  an  eclipse  of  the  sun  at  every 
conjunction  of  the  sun  and  moon,  or  at  the  time  of  every  new 
moon.  But  at  these  conjunctions,  the  moon  does  not  come 
exactly  between  the  earth  and  sun,  because  the  orbit  of  the 
moon  is  inclined  to  the  ecliptic  at  an  angle  of  5|  degrees.  Did 
the  planes  of  the  orbits  of  the  earth  and  moon  coincide,  there 
would  be  an  eclipse  of  the  moon  at  every  full,  for  then  the 
moon  would  pass  exactly  through  the  earth's  shadow. 

One  half  of  the  moon's  orbit  being  elevated  5i  degrees 
above  the  ecliptic,  the  other  half  is  depressed  as  much  below 
it,  and  thus  the  moon's  orbit  crosses  that  of  the  earth  in  two 
opposite  points,  called  the  moon's  nodes. 

As  the  nodes  of  the  moon  are  the  points  where  she  crosses 
the  ecliptic,  it  is  obvious  that  she  must  be  half  the  time  above, 
and  the  other  half  below  these  points.  The  node  in  which 
she  crosses  the  plane  of  the  ecliptic  upward,  or  towards  the 
north,  is  called  her  ascending  node.  That  in  which  she 
crosses  the  same  plane  downward,  or  toward  the  south,  is  call- 
ed her  descending  node. 

The  moon's  orbit  like  those  of  the  other  planets,  is  ellipti. 
cal,  so  that  she  is  sometimes  nearer  the  earth  than  at  others. 
When  she  is  in  that  part  of  her  orbit,  at  the  greatest  distance 
from  the  earth,  she  is  said  to  be  in  her  apogee,  an^vhen  at 
her  least  distance  from  the  earth,  she  is  in  her  peri^e. 

Eclipses  can  only  happen  at  the  time  when  the  moon  is  at, 
or  near,  one  of  her  nodes,  for  at  no  other  time  is  she  near  the 
plane  of  the  earth's  orbit,  and  since  the  earth  is  always  in 
this  plane,  the  moon  must  be  at,  or  near  it  also,  in  order  to 
bring  the  two  planets  and  the  sun  in  the  same  right  line,  with- 
out  which  no  eclipse  can  happen. 

The  reason  why  eclipses  do  not  happen  oftener,  and  at 
regular  periods,  is  because  a  node  of  the  moon  is  usually  only 
twice,  and  never  more  than  three  times  in  the  year,  presented 
towards  the  sun.  The  average  number  of  total  eclipses  of 
both  luminaries,  in  a  century,  is  about  thirty,  and  the  average 
number  of  total  and  partial,  in  a  year,  about  (four.  There 
may  be  seven  eclipses  in  a  year,  including  those  of  both  lu- 

How  many  degrees  is  the  moon's  orbit  inclined  to  tliat  of  the  earth  ? 
What  are  the  nodes^of  the  moon?  What  is  meant  by  the  ascending 
and  descending  nodes  of  the  moon  ?  What  is  the  moon's  apogee,  and 
what  her  perigee  ?  AVhy  must  the  moon  be  at,  or  near  one  ot'  her  nodes, 
to  occasion  an  eclipse  ?  Why  do  not  eclipses  happen  often,  and  at  reg- 
ular periods?  What  is  the  greatest,  and  what  the  least  number  of  eclip- 
ses, t!iat  can  happen  in  a  year  ? 
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minaries,  and  there  may  be  only  two.     When  there  are  only 
two,  they  ure  both  of  the  sun. 

When  the  moon  is  within  IGi  degrees  of  her  node,  at  the 
time  of  her  change,  she  is  so  near  the  ecliptic,  that  the  sun 
may  be  more  or  less  eclipsed,  and  when  she  is  within  12  de- 
grees of  her  node,  at  the  time  of  her  full,  the  moon  will  be 
more  or  less  eclipsed. 

But  the  moon  is  more  frequently  within  16^  degrees  of  her 
node  at  the  time  of  her  change,  than  she  is  within  12  degrees 
at  the  lime  of  her  full,  and  consequently  there  will  be  a  great- 
er  number  of  solar,  than  of  lunar  eclipses,  in  a  course  of 
years.  Yet  more  lunar  eclipses,  will  be  visible,  at  any  one 
place  on  the  earth  than  solar,  because  the  sun,  being  so  much 
larger  than  the  earth,  or  moon,  the  shadow  of  these  bodies 
must  terminate  in  a  point,  and  this  point  of  the  moon's  sha- 
dow never  covers  but  a  small  portion  of  the  earth's  surface, 
while  lunar  eclipses  arc  visible  over  a  whole  hemisphere, 
and  as  the  earth  turns  on  its  axis,  are  therefore  visible  to  more 
than  half  the  earth.  This  will  be  obvious  by  figs.  2U6  and 
207,  where  it  will  be  observed  that  an  eclipse  of  the  moon 
may  be  seen  wherever  the  moon  is  visible,  while  an  eclipse 
of  the  sun  will  be  total  only  to  those  who  live  within  the 
space  covered  by  the  moon's  dark  shadow. 

Lunar  Eclipses.  When  the  moon  falls  into  the  shadow  of 
the  earth,  the  rays  of  the  sun  are  intercepted,  or  hid  from  her, 
and  she  then  becomes  eclipsed.  When  the  earth's  shadow 
covers  only  a  part  of  her  face,  as  seen  by  us,  she  suffers  only  a 
partial  eclipse,  one  part  of  her  disc  being  obscured,  while  the 
other  part  reflects  the  sun's  light.  But  when  her  whole  sur- 
face is  obscured  by  the  earth's  shadow,  she  then  suffers  a  total 
eclipse,  and  of  a  duration  proportionate  to  the  distance  she 
passes  through  the  earth's  shadow. 

Fig.  206  represents  a  total  lunar  eclipse ;  the  moon  being 

Why  will  there  be  more  solar  than  lunar  eclipses,  in  the  course  of 
years  ?  Why  will  more  lunar  tlian  solar  eclipses  be  visible  at  any  one 
place? 
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in  the  midst  of  the  earth's  shadow.     Now  it  will  be  apparent, 

Fig.  206. 
Eclipse  ofth^  Moon, 


that  in  the  situation  of  the  sun,  earth,  and  moon,  as  represent- 
ed  in  the  figur«,  this  ieclipse  will  be  visible  from  all  parts  of 
that  hemisphere  of  the  earth  which  is  next  the  moon,  and  that 
the  moon's  disc  will  be  equally  obscured,  from  whatever  point 
it  is  seen.  When  the  moon  passes  through  only  a  part  of  the 
earth's  shadow,  then  she  suffers  only  a  partial  eclipse,  but  this 
is  also  visible  from  the  whole  hemisphere  next  the  moon.  It 
will  be  remembered  that  lunar  eclipses  happen  only  at  full 
moon,  the  sun  and  moon  being  in  opposition,  and  the  earth  be- 
tween  them. 

Solar  Eclipses.  When  the  moon  passes  between  the  earth 
and  sun,  there  happens  an  eclipse  of  the  sun,  because  then  the 
moon's  shadow  falls  upon  the  earth.  A  total  eclipse  of  the 
sun  happens  often,  but  when  it  occurs,  the  total  obscurity 
is  confined  to  a  small  part  of  the  earth ;  since  the  dark  por- 
tion of  the  moon's  shadow  never  exceeds  200  miles  in  diam- 
eter on  the  earth.  But  the  moon's  partial  shadow,  or  pe. 
numbra,  may  cover  a  space  on  the  earth  of  more  than  4,000 
miles  in  diameter,  within  all  which  space  the  sun  will  be  more 
or  less  eclipsed.  When  the  penumbra  first  touches  the  earth, 
the  eclipse  begins  at  that  place,  and  ends  when  the  penum- 
bra leaves  it.  But  the  eclipse  will  be  total  only  where  the 
dark  shadow  of  the  moon  touches  the  earth. 
Fig.  207. 


Why  is  the  same  eclipse  total  at  one  place,  and  only  partial  at  anoth- 
er ?  Why  is  a  total  eclipse  of  the  sun  confined  to  so  small  a  part  of  the 
earth  .^ 
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Fig.  207  represents  an  eclipse  of  the  sun,  without  regard  to 
the  penumbra,  that  it  may  be  observed  how  small  a  part  of 
the  earth  the  dark  shadow  of  the  moon  covers.  To  those 
who  live  within  the  limits  of  this  shadow,  the  eclipse  will  be 
total,  while  to  those  who  live  in  any  direction  around  it,  and 
within  reach  of  the  penumbra,  it  will  be  only  partial. 

Solar  eclipses  are  called  annular,  from  annulus,  a  ring, 
when  the  moon  passes  across  the  centre  of  the  sun,  hiding  all 
his  light,  with  the  exception  of  a  ring  on  his  outer  edge,  which 
the  moon  is  too  small  to  cpver  from  the  position  in  which  it 
is  seen. 

Fig.  208. 


Fig.  208  represents  a  solar  eclipse,  with  the  penumbra  D, 
C,  and  the  umbra,  or  dark  shadow,  as  seen  in  the  above  figure. 
When  the  moon  is  at  its  greatest  distance  from  the  earth, 
its  shadow  m  o,  sometimes  terminates,  before  it  reaches  the 
earth,  and  then  an  observer  standing  directly  under  the  point 
o,  will  see  the  outer  edge  of  the  sun,  forming  a  bright  ring 
around  the  circumference  of  the  moon,  thus  forming  an  annu- 
lar  eclipse. 

The  penumbra  D  C,  is  only  a  partial  mterception  ot  the 
sun's  rays,  and  in  annular  eclipses  it  is  this  partial  shadow  on- 
ly  which  reaches  the  earth,  while  the  umbra,  or  dark  shadow, 
terminates  in  the  air.  Hence  annular  eclipses  are  never  to- 
tal in  any  part  of  the  earth.  The  penumbra,  as  already  stated, 
may  cover  more  than  4000  miles  of  space,  while  the  umbra 
never  covers  more  than  200  miles  in  diameter  ;  hence  partial 
eclipses  of  the  sun  may  be  seen  by  a  vast  number  of  inhabi- 
tants,  while  comparatively  few  will  witness  the  total  eclipse. 

When  there  happens  a  total  solar  eclipse  to  us,  wc  are  echps- 
ed  to  the  moon,  and  when  the  moon  is  eclipsed  to  us,  an  eclipse 
of  the  sun  happens  to  the  mocJn.     To  the  moon,  it  is  obvious 

What  is  meant  by  penumbra.-  What  will  be  the  difference  in  Uie 
asuect  of  the  eclipse,  whether  the  observer  stands  withm  ihc  dark  shad- 
ow or  only  within  the  penumbra  ?  What  is  meant  by  annrlar  echpses  ? 
Are  annular  eclipses  ever  total  in  any  part  of  the  earthr  In  annular 
eclipses  what  part  of  the  moon's  shadow  reaches  the  earth. 
•23* 


that  an  eclipse  of  the  earth  can  never  be  total,  since  her  shad- 
ow covers  only  a  small  portion  of  the  earth's  surface.  Such 
an  eclipse,  therefore,  at  the  moon  appears  only  as  a  dark  spot 
on  the  face  of  the  earth ;  but  when  the  moon  is  eclipsed  to  us, 
the  sun  is  partially  eclipsed  to  the  moon  for  several  hours 
longer  than  the  moon  is  eclipsed  to  us. 
The  Tidei. 

The  ebbing  and  flowing  of  the  sea,  which  regularly  takes 
place  twice  in  24  hours,  are  called  the  tides.  The  cause  of 
the  tides,  is  the  attraction  of  the  sun  and  moon,  but  chiefly  of 
the  moon  on  the  waters  of  the  ocean.  In  virtue  of  the  universal 
principle  of  gravitation,  heretofore  explained,  the  moon,  by 
her  attraction  draws,  or  raises  the  water  towards  her,  but  be- 
cause the  power  of  attraction  diminishes  as  the  squares  of  the 
distances  increase,  the  waters,  on  the  opposite  side  of  the 
earth,  are  not  so  much  attracted  as  they  are  on  the  side  nearest 
the  moon.  This  want  of  attraction,  together  with  the  greater 
centrifugal  force  of  the  earth  on  its  opposite  side,  produced  in 
consequence  of  its  greater  distance  from  the  common  centre 
of  gravity,  between  the  earth  and  moon,  causes  the  waters  to 
rise  on  the  opposite  side,  at  the  same  time  that  they  are  raised 
by  direct  attraction  on  the  side  nearest  the  moon. 

Thus  the  waters  are  constantly  elevated  on  the  sides  of  the 
earth  opposite  to  each  other  above  their  common  level,  and 
consequently  depressed  at  opposite  points  equally  distant  from 
these  elevations. 

Let  m,  fig.  209,  be  the  moon,  and  E  the  earth  covered  With 
Fig.  209. 


water.  As  the  moon  passes  round  the  earth,  its  solid  and  fluid 
parts  are  equally  attracted  by  her  influence  according  to  their 
densities  ;  but  while  the  solid  parts  are  at  liberty  to  mov;  only 
as  a  whole,  the  water  obeys  the  slightest  impulse,  and  thus 
tends  towards  the  moon  where  her  attraction  is  the  strongest. 

What  is  said  concerning  eclipses  of  the  earth,  as  seen  from  the  moon  ? 
What  are  the  tides?  What  is  the  cause  of  the  tides?  What  causes  the 
tide  to  rise  on  the  side  of  the  earth  opposite  to  the  moon  ? 
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Consequently  the  waters  are  perpetually  elevated  immediately 
under  the  moon.     If  therefore  the  earth  stood  still,  the  influ- 
ence of  the  moon's  attraction  would  raise  the  tides  only  as  she 
passed  round  the  earth.     But  as  the  earth  turns  on  her  axis 
every  24  hours,  and  as  the  waters  nearest  the  moon,  as  at  a, 
are  constantly  elevated,  they  will,  in  the  course  of  24  hours, 
move  round  the  whole  earth,  and  consequently  from  this  cause 
there  will  be  high  water  at  every  place  once  in  24  hours.     As 
the  elevation  of  the  waters  under  the  moon  causes  their  de- 
pression at  90  degrees  distance  on  the  opposite  sides  of  the 
earth  d  and  c,  the  point  c,  will  come  to  the  same  place,  by  the 
earth's  diurnal  revolution,  six  hours  after  the  point  a,  because 
c  is  one  quarter  the  circumference  of  the  earth  from  the  point 
a,   and  therefore  there  will  be  low  water  at  any  given  place 
six  hours  after  it  was  high  water  at  that  place.     But  while  it  is 
high  water  under  the  moon,  in  consequence  of  her  direct  at- 
traction, it  is  also  high  water  on  the  opposite  side  of  the  earth 
in  consequence  of  her  diminished  attraction,  and  the  earth's 
centrifugal  motion,  and  therefore  it  will  be  high  water  from 
this  cause   twelve  hours  after  it  was  high  water  from  the 
former  cause,  and  six  hours  after  it  was  low  water  from  both 
causes. 

Thus  when  it  is  high  water  at  a  and  h,  it  is  low  water  at  c 
and  d,  and  as  the  earth  revolves  once  in  24  hours,  there  will 
be  an  alternate  ebbing  and  flowing  of  the  tide,  at  every  place 
once  in  six  hours. 

But  while  the  earth  turns  on  her  axis,  the  moon  advances  in 
her  orbit,  and  consequently  any  given  point  on  the  earth  will 
not  come  under  the  moon  on  one  day  so  soon  as  it  did  on  the 
day  before.  For  this  reason,  high  or  low  water  at  any  place 
comes  about  fifty  minutes  later  on  one  day  than  it  did  the  day 

before.  .      .    _ 

Thus  far  we  have  considered  no  other  attractive  influence 

except  that  of  the  moon,  as  affecting  the  waters  ot  the  ocean. 

But  the  sun,  as  already  observed,  has  an  effect  upon  the  tides, 

though  on  account  of  his  great  distance,  his  mfluence  is  small 

when  compared  with  that  of  the  moon. 

When  the  s-jn  and  moon  are  in  conjunction,  as  represented 

in  fitr.  209,  which  takes  place  at  her  change,  or  when  they  are 

in  opposition,  which  takes  place  at  full  moon,  then  their  forces 

If  the  earth  stood  still,  the  tides  would  rise  only  as  tlie  moon  passes 
round  tlie  earth ;  what  then  causes  the  tides  to  rise  twice  m  24  hours? 
When  tslH.h  water  under  the  moon  by  her  attraction  what  .s  the 
causeof  high  water  on  the  opposite  side  of  theearUi,  at  the  same  time  . 
Why  are  the  tides  about  50  minutes  later  every  day . 
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are  united,  or  act  on  the  waters  in  the  same  direction,  and  con- 
sequently  the  tides  are  elevated  higher  than  usual,  and  on  this 
account  are  called  spring  tides. 

But  when  the  moon  is  in  her  quadratures,  or  quarters,  the 
attraction  of  the  sun  tends  to  counteract  that  of  the  moon,  and 
although  his  attraction  does  not  elevate  the  waters  and  pro- 
duce tides,  his  influence  diminishes  that  of  the  moon,  and  con- 
sequently the  elevation  of  the  waters  are  less  when  the  sun 
and  moon  are  so  situated  in  respect  to  each  other,  than  when 
they  are  in  conjunction,  or  opposition. 

Fig.  210. 


This  effect  is  represented  by  fig.  210,  where  the  elevation 
of  the  tides  at  c  and  d  is  produced  by  the  causes  already  ex- 
plained  ;  but  their  elevation  is  not  so  great  as  in  fig.  206,  since 
the  influence  of  the  sun  acting  in  the  direction  a  b,  tends  to 
counteract  the  moon's  attractive  influence.  These  small  tides 
are  called  neap  tides,  and  happen  only  when  the  moon  is  in 
her  quadratures. 

The  tides  are  not  at  their  greatest  heights  at  the  time  when 
the  moon  is  at  its  meridian,  but  sometime  afterwards,  because 
the  water,  having  a  motion  forward,  continues  to  advance  by 
its  own  inertia,  some  time  after  the  direct  influence  of  the  moon 
has  ceased  to  affect  it. 

Latitude  and  Longitude. 

Latitude  is  the  distance  from  the  equator  in  a  direct  line' 
north  or  south,  measured  in  degrees  and  minutes.  The  num- 
ber of  degrees  is  90,  north,  and  as  many  south,  each  line  on 
which  these  degrees  are  reckoned,  running  from  the  equator 
to  the  poles.  Places  on  the  north  of  the  equator  are  in  north 
latitude,  and  those  on  the  south  of  the  equator  are  in  south  lat- 
itude.    The  parallels  of  latitude  are  imaginary  lines  drawn 

What  produces  spring  tides  '  Where  must  the  moon  be  in  respect  to 
the  sun,  to  produce  spring  tides  ?  What  is  the  occasion  of  neap  tides? 
What  is  latitude  ? 
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parallel  to  the  equator,  either  north  or  south,  and  hence  every 
place  situated  on  the  same  parallel,  is  in  the  same  latitude, 
because  it  must  be  at  the  same  distance  from  the  equator. 
The  length  of  a  degree  of  latitude  is  60  geographical  miles. 
Longitude  is  th»  distance  measured  in  degrees  and  minutes 
either  east  or  weat,  from  any  given  point  on  the  equator,  or 
on  any  parellel  of  latitude.  Hence  the  lines,  or  meridians  of 
longitude  cross  those  of  latitude  at  right  angles.  The  degrees 
of  longitude  are  180  in  number,  its  lines  extending  half  a 
circle  to  the  east,  and  half  a  circle  to  the  west,  from  any  given 
meridian,  so  as  to  include  the  whole  circumference  of  the 
earth.  A  degree  of  longitude,  at  the  equator,  is  of  the  same 
length  as  a  degree  of  latitude,  but  as  the  poles  are  approached, 
the  degrees  of  longitude  diminish  in  length,  because  the 
earth  grows  smaller  in  circumference,  from  the  equator  to- 
wards the  poles  ;  hence  the  lines  surrounding  it  become  less 
and  less.     This  will  be  made  obvious  by  fig.  211. 

Let  this  figure  represent  the 
earth,  N,  being  the  north  pole, 
S,  the  south  pole,  and  E  W  the 
equator.  The  lines  10,  20,  30, 
and  so  on,  are  the  parallels  of 
latitude,  and  the  lines  N,  a  S,  N, 
h  S,  &c.  are  meridian  lines,  or 
.those  of  longitude. 

The  latitude  of  any  place  on 
the  globe,  is  the  number  of  de- 
grees between  that  place  and  the 
equator,  measured  on  a  meridian 
line  ;  thus  x  is  in  latitude  40 
degrees,  because  the  x  g  part  of 
the  meridian  contains  40  degrees. 

The  longitude  of  a  place  is  the  number  of  degrees  it  is  situ- 
ated  east  or  west  from  any  meridian  line  ;  thusv  is  20  degrees 
west  longitude  from  x,  and  x  is  20  degrees  east  longitude 
from  V. 

As  the  equator  divides  the  earth  into  two  equal  parts,  or 
hemispheres,  there  seems  to  be  a  natural  reason  why  the  de- 
How  many  degrees  of  latitude  are  there  ?  How  far  do  the  ^'"^s  o^ 
latitude  extend  ?  What  is  meant  by  north,  and  south  latitude  ?  What 
are  the  parallels  of  latitude  f  What  is  longitude  ?  How  many  degrees 
of  longitude  are  there,  east  or  west  >  What  is  the  latitude  of  any  place . 
What  is  the  longitude  of  a  place  ? 
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grees  of  latitude  should  be  reckoned  from  this  great  circle. 
But  from  east  to  west  there  is  no  natural  division  of  the  earth, 
each  meridian  line  being  a  great  circle,  dividing  the  earth 
into  two  hemispheres,  and  hence  there  is  no  natural  reason 
why  longitude  should  be  reckoned  from  one  meridian  any 
more  than  another.  It  has,  therefore,  been  customary  for 
writers  and  mariners  to  reckon  longitude  from  the  capital  of 
their  own  country,  as  the  English  from  London,  the  French 
from  Paris,  and  the  Americans  from  Washington.  But  this 
mode,  it  is  apparent,  must  occasion  much  confusion,  since  each 
writer  of  a  different  nation  would  be  obliged  to  correct  the 
longitude  of  all  other  countries,  to  make  it  agree  with  his  own. 
More  recently,  therefore,  the  writers  of  Europe  and  America 
iiave  selected  the  royal  observator)',  at  Greenwich,  near  Lon- 
don, as  the  first  meridian,  and  on  most  maps  and  charts  lately 
published,  longitude  is  reckoned  from  that  place. 

The  latitude  of  any  place  is  determined  by  taking  the  alti- 
tude  of  the  sun  at  mid-day,  and  then  subtracting  this  from  90 
degrees,  making  proper  allowance  for  the  sun's  place  in  the 
heavens.  The  reason  of  this  will  be  obvious,  when  it  is  con- 
sidered that  the  whole  number  of  degrees  from  the  Zenith  to 
the  horizon  is  90,  and  therefore,  if  we  ascertain  the  sun's  dis- 
tance from  the  horizon,  that  is,  his  altitude,  by  allowing  for 
the  sun's  declination  north  or  south  of  the  equator,  and  sub- 
tracting this  from  the  whole  number,  the  latitude  of  the  place 
will  be  found.  Thus  suppose  that  on  the  20th  of  March,  when 
the  sun  is  at  the  equator,  his  altitude  from  any  place  north  of 
the  equator  should  be  found  to  be  48  degrees  above  the  hori- 
zon ;  this,  subtracted  from  90,  the  whole  number  of  the  de- 
grees of  latitude,  leaves  42,  which  w  ill  be  the  latitude  of  the 
place  where  the  observation  was  made. 

If  tlie  sun,  at  the  time  of  observation,  has  a  declination, 
north,  or  south  of  the  equator,  this  declination  must  be  added 
to,  or  subtracted  Irom  the  meridian  altitude,  as  the  case  may 
be.  For  instance,  another  observation  being  taken  at  the 
place  where  the  latitude  was  found  to  be  42,  when  the  sun 
had  a  declination  of  8  degrees  north,  then  his  altitude  would 
be  8  degrees  greater  than  before,  and  therefore  56,  instead  of 

Why  are  the  degrees  of  latitude  reckoned  from  the  equator  ?  What 
is  said  concerning  the  places  from  which  the  degrees  of  longitude  have 
been  reckoned  ?  What  is  the  inconvenience  of  estimating  longitude 
from  a  place  in  each  country  ?  From  what  place  is  longitude  reckoned 
in  Europe  and  America  ? 
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48  Now  subtracting  this  8,  the  sun's  declination,  from  56, 
and  the  remainder  from  90,  and  the  latitude  of  the  place  will 
be  found  42,  as  before.  If  the  sun  s  declination  be  south  of 
the  equator,  and  the  latitude  of  the  place,  north,  his  declina- 
tion  must  be  added  to  the  meridian  altitude,  instead  of  being 
subtracted  from  it.  The  same  result  may  be  obtained  by- 
taking  the  meridian  altitude  of  any  of  the  fixed  stars,  whose 
declinations  are  known,  instead  of  the  sun's,  and  proceeding 
as  above  directed. 

There  is  more  difficulty  in  ascertaining  the  degrees  of  lon- 
gitude, than  those  of  latitude,  because  as  above  stated,  there 
is  no  fixed  point,  like  that  of  the  equator,  from  which  its  degrees 
are  reckoned.  The  degrees  of  longitude  are  therefore,  estima- 
ted from  Greenwich,  and  are  ascertained  by  the  following 
methods.  .  . 

When  the  sun  comes  to  the  meridian  of  any  place,  it  is 
noon,  or  12  o'clock,  at  that  place,  and  therefore,  since  the 
equator  is  divided  into  3G0  equal  parts,  or  degrees,  and  since 
the  earth  turns  on  its  axis  once  in  24  hours,  15  degrees  of  the 
equator  will  correspond  with  one  hour  of  time,  for  24  hours 
bein<^  divided  by  360  degrees,  will  give  15.     The  earth,  there- 
fore,''moves  in  her  daily  revolution,  at  the  rate  of  15  degrees 
for  every  hour  of  time.     Now  as  the  apparent  course  of  the 
sun  is  from  east  to  west,  it  is  obvious  that  he  will  come  to  any 
meridian  lying  east  of  a  given  place,  sooner  than  to  one  lymg 
west  of  that  place,  and  therefore  it  will  be  12  o'clock  to  the 
east  of  any  place,  sooner  than  at  that  place,  or  to  the  west  ot 
it  "  When,  therefore,  it  is  noon  at  any  one  place,  it  will  be  1 
o'clock  at  all  places  15  degrees  to  the  east  of  it,  because  the 
sun  was  at  the  meridian  of  such  places  an  hour  before  ;  and  so 
on  the  contrary,  it  will  be  11  o'clock,  15  degrees  west  of  the 
same  place,  because  the  sun  has  still  an  hour  to  travel,  before 
he  reaches  the   meridian  of  that  place.     It  makes  no  differ- 
ence  then,  where  the  observer  is  placed,  smce  li  it  is  12 
o'clock  where  he  is,  it  will  be  1  o'clock  15  degrees  to  the  east 
of  him,  and  U  o'clock  15  degrees  to  the  uest  ot  hira,  and  so 

How  is  the  latitude  of  a  place  determined  ?  Give  an  example  of  the 
method  of  finding  the  latitude  of  the  same  place  at  different  seasons  of 
Z  vear      When  must  the  sun's  decimation  from  the  equator  be  added 

0  and  when  subtracted  from,  his  meridian  altitude?  Why -s  there 
r^^re  d.  fficuUy  in  ascertaining  the  degrees  of  longitude  than  ot  la  jtude? 
Sow  many  degrees  of  longitude  does  the  surtace  ot  the  earth  pass 
tliruS  in  an  hour?  Suppose  it  is  noon  at  any  given  place,  what  o  clock 
Su  be  15  degr.es  to   the  cast  of  that  place?     Explam  the  reason. 

How  may  longitude  be  determined  by  an  eclipse  ? 
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in  this  proportion,  let  the  time  be  more  or  less.  Now  if  any 
celestial  phenomenon  should  happen,  such  as  an  eclipse  of 
the  moon,  or  of  Jupiter's  satellites,  the  difference  of  longitude 
between  two  places  where  it  is  observed,  may  be  determined 
by  the  difference  of  the  times  at  which  it  appeared  to  take 
place.  Thus  if  the  moon  enters  the  earth's  shadow  at  6 
o'clock,  in  the  evening,  as  seen  at  Philadelphia,  and  at  half 
past  6  o'clock  at  another  place,  then  this  place  is  half  an  hour, 
or  7|  degrees  to  the  east  of  Philadelphia,  because  7|-  degrees 
of  longitude  are  equal  to  half  au  hour  of  time.  To  apply  these 
observations  practically,  it  is  only  necessary  that  it  should  be 
known  exactly  at  what  time  the  eclipse  takes  place  at  a  given 
point  on  the  earth. 

Longitude  is  also  ascertained  by  means  of  a  chronometer, 
or  true  time  piece,  adjusted  to  any  given  meridian;  for  if  the 
difference  between  two  clocks,  situated  east  and  west  of  each 
other,  and  going  exactly  at  the  same  rate,  can  be  known,  at 
the  same  time,  then  the  distance  between  the  two  meridians 
where  the  clocks  are  placed  will  be  known,  and  the  difference 
of  longitude  may  be  found. 

Suppose  two  chronometers,  which  are  known  to  go  at  ex- 
actly  the  same  rate,  are  made  to  indicate  12  o'clock  by  the 
meridian  line  of  Greenwich,  and  the  one  be  taken  to  sea,  while 
the  other  remains  at  Greenwich.  Then  suppose  the  captain, 
who  takes  his  chronometer  to  sea,  has  occasion  to  know  his 
longitude.  In  the  first  place,  he  ascertains,  by  an  observation 
of  the  sun,  when  it  is  12  o'clock  at  the  place  where  he  is,  and 
then  by  his  time  piece,  when  it  is  12  o'clock  at  Greenwich, 
and  by  allowing  15  degrees  for  every  hour  of  the  difference  in 
time,  he  will  know  his  precise  longitude  in  any  part  of  the 
world.  For  example,  suppose  the  captain  sails  with  his  chro- 
nometer for  America,  and  after  being  several  weeks  at  sea, 
finds  by  observation,  that  it  is  12  o'clock  by  tlie  sun,  and  at 
the  same  time  finds  by  his  chronometer,  that  it  is  4  o'clock  at 
Greenwich.  Then  because  it  is  noon  at  his  place  of  obser- 
vation after  it  is  noon  at  Greenwich,  he  knows  that  his  longi- 
tude  is  west  from  Greenwich,  and  by  allowing  15  degrees  for 
every  hour  of  the  difference,  his  longitude  is  ascertained. 

Explain  the  principles  on  which  longitude  is  determined  by  the  chro- 
nometer. Suppose  the  captain  finds  by  his  chronometer  that  it  is  12 
o'clock  where  he  is,  6  hours  later  than  at  Greenwich,  what  then  would 
be  his  longitude?  Suppose  he  finds  it  to  be  12  o'clock  4  hours  earlier 
where  he  is,  than  at  Greenwich,  what  then  would  be  his  longitude  ? 
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Thus,  15  degrees,  multiplied  by  4  hours,  give  60  degrees  of 
■west  longitude  from  Greenwich.  If  it  is  noon  at  the  placo  of 
observation,  before  it  is  noon  at  Greenwich,  then  the  captain 
knows  that  his  longitude  is  east,  and  his  true  place  is  found 
in  the  same  manner. 

Fixed  Stars. 

The  stars  are  caWedfixed,  because  they  have  been  observed 
not  to  change  their  places  with  respect  to  each  other.  They 
may  be  distinguished  by  the  naked  eye  from  the  planets  of 
our  system  by  their  scintillations,  or  twinkling.  The  stars 
are  divided  into  classes,  according  to  their  magnitudes,  and 
are  called  stars  of  the  first,  second,  and  so  on  to  the  sixth 
magnitude.  About  2000  stars  may  be  seen  with  the  naked 
eye  in  the  whole  vault  of  the  heavens,  though  only  about  1000 
are  above  the  horizon  at  the  same  time.  Of  these,  about  17 
are  of  the  1st  magnitude,  50  of  the  2d  magnitude,  and  150  of 
the  3d  magnitude.  The  others  are  of  the  4lh,  5th,  and  6th 
magnitudes,  the  last  of  which  are  the  smallest  that  can  be  dis- 
tinguished with  the  naked  eye. 

It  might  seem  incredible,  that  on  a  clear  night  only  about 
1000  stars  are  visible,  when  on  a  single  glance  at  the  different 
parts  of  the  firmament,  their  numbers  appear  innumerable. 
But  this  deception  arises  from  the  confused  and  hasty  manner 
via  which  they  are  viewed,  for  if  we  look  steadily  on  a  particu- 
lar portion  of  sky,  and  count  the  stars  contained  within  cer- 
tain  limits,  we  shall  be  surprised  to  find  their  number  so  few. 

As  we  have  incomparably  more  light  from  the  moon,  than 
from  all  the  stars  together,  it  is  absurd  to  suppose  that  they 
were  made  for  no  other  purpose  than  to  cast  so  faint  a  glim- 
mering on  our  earth,  and  especially  as  a  great  proportion  of 
them  are  invisible  to  our  naked  eyes.  The  nearest  fixed  stars 
to  our  system,  from  the  most  acurate  astronomical  calcula- 
tions,  cannot  be  nearer  than  20,000,000,000,001),  or  20  tril- 
lions of  n^iles  from  the  earth,  a  distance  so  immense,  that  light 
cannot  pass  through  it  in  less  than  three  years.  Hence  were 
these  stars   annihilated  at  the  present  time,  their  light  would 

Why  are  the  stars  called  fixed  ?  How  may  the  stars  be  distinguished 
from  the  planets?  The  stars  are  divided  into  classes,  accordmg  to  tJieir 
magnitudes  ;  how  many  classes  are  there  '  How  many  stars  may  be 
seen  with  the  naked  eye,  in  the  whole  firmament?  Why  does  there 
appear  to  bo  more  stars  than  there  really  are  ?  What  is  the  computed 
distance  of  the  nearest  fiicd  atars  frem  the  earth  ? 
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continue  to  flo^  towards  us,  and  they  would  appear  tb  b6  iA 
the  same  situations  to  us,  three  years  hence  that  they  do  now. 

Our  sun,  seen  from  the  distance  of  the  nearest  fixed  stars, 
would  appear  no  larger  than  a  star  of  the  first  magnitude  does 
to  us.  These  stars  appear  no  larger  to  us,  when  the  earth  is 
in  that  part  of  her  orbit  nearest  to  them,  than  they  do,  when 
she  is  in  the  opposite  part  of  her  orbit;  and  as  our  distance 
from  the  sun  is  95,000,000  of  miles,  we  must  be  twice  this 
distance,  or  the  whole  diameter  of  the  earth's  orbit,  nearer  a 
given  fixed  star  at  one  period  of  the  year,  than  at  another. 
The  difference,  therefore,  of  1-90,000,000  of  miles,  bears  so 
small  a  proportion  to  the  whole  distance  between  us  and  the 
fixed  stars,  as  to  make  no  appreciable  difference  in  their  sizes, 
even  when  assisted  by  the  most  powerful  telescopes. 

The  amazing  distances  of  the  fixed  stars  may  also  be  infer- 
red from  the  return  of  comets  to  our  system,  after  an  absence 
of  several  hundred  years. 

The  velocity  with  which  some  of  these  bodies  move,  when 
nearest  the  sun,  has  been  computed  at  nearly  a  million  of 
miles  in  an  hour,  and  "although  their  velocities  must  be  per- 
petually retarded,  as  they  rdoede  from  the  sun,  still  in  250 
years  of  time,  they  must  move  through  a  space,  which  to  us 
v/ould  be  infinite.  The  periodical  return  of  one  comet 
is  known  to  be  upwards  of  500  years,  making  more  than 
250  years  in  performing  its  journey  to  the  most  remote  part 
of  its  orbit,  and  as  many  in  returning  back  to  our  system ; 
and  that  it  must  still  always  be  nearer  our  system  than  the 
fixed  stars,  is  proved  by  its  return  ;  for  by  the  laws  of  gravi- 
tation, did  it  approach  nearer  another  system,  it  would  never 
^again  return  to  ours. 

From  such  proofs  of  the  "vast  distarlces  of  the  fixed  stars, 
there  can  be  no  doubt  that  they  shine  with  their  own  light, 
like  our  sun,  and  hence  the  conclusion  that  they  are  suns  to 
other  worlds,  which  move  around  them,  as  the  planets  do 
around  our  sun.  Their  distances  will,  however,  prevent  our 
ever  knowing,  except  by  conjecture,  whether  this  is  the  case 
or  not,  since,  were  they  millions  of  times  nearer  us  than  they 

How  long  wcJUId  it'take  light  to  reach  us  from'the  fixed  stars?  How 
large  would  our  sun  appear  at  the  distance  of  the  fixed  stars?  What 
is  said  conceriling  the  difference  of  the  distance  between  the  earth  and 
tlie  fixed  stars  at  different  seasons  of  the  year,  and  of  their  different  ap- 
pearances in  consequence?  'How  may  the  distances  of  the  fixed  stars 
bo  inferred  by  the  long  absence  and  return  of  romets?  On  what 
^lounds  is  it  supposed  that  the  fixed  stars  are  suns  to  other  worlds? 
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ftre,  we  should  aot  be  able  to  discover  the  reflected  light  of  their 
planets. 

Comets. 

Besides  the  planets,  which  move  round  the  sun  in  regular 
order,  and  in  nearly  circular  orbits,  there  belongs  to  the  solar 
system  an  unknown  number  of  bodies  called  Comets,  which 
move  round  the  sun  in  orbits  exceedingly  eccentric,  or  ellipti- 
cal, and  whose  appearance  among  our  heavenly  bodies  is  on- 
ly  occasional.  Comets,  to  the  naked  eye,  have  no  visible  disc, 
but  shine  with  a  faint  glimmering  light,  and  are  accompanied 
by  a  train  or  tail,  turned  from  the  sun,  and  which  is  sometimes 
of  immense  length.  They  appear  in  every  region  of  the 
heavens,  and  move  in  every  possible  direction. 

In  the  days  of  ignorance  and  superstition,  comets  were  con- 
sidered the  harbingers  of  war,  pestilence,  or  some  other  great 
or  general  evil  ;  and  it  was  not  until  astronomy  had  made  con- 
siderable  progress  as  a  science,  that  these  strangers  could  be 
seen  among  our  planets  without  the  expectation  of  some  dire- 
ful event. 

It  had  been  supposed  that  comets  moved  in  straight  lines, 
coming  from  the  regions  of  infinite,  or  unknown  space,  and 
merely  passing  by  our  system,  on  their  way  to  regions  equally 
unknown  and  infinite,  and  from  which  they  never  returned. 
Sir  Isaac  Newton  was  the  first  to  demonstrate  that  comets  pass 
round  the  sun,  like  the  planets,  but  that  their  orbits  are  ex- 
ceedingly  elliptical,  and  extend  out  to  a  vast  distance  beyond 
the  solar  system. 

The  number  of  comets  is  unknown,  though  some  astrono- 
mers  suppose  that  there  are  nearly  500  belonging  to  our  sys- 
tem. Ferguson,  who  wrote  in  about  1760,  supposed  that  there 
were  less  than  30  comets  which  made  us  occasional  visits  ; 
but  since  that  period  the  elements  of  the  orbits  of  nearly  100 
of  these  bodies  have  been  computed. 

Of  these,  however,  there  are  only  three  whose  periods  of  re- 
turn among  us  are  known  with  any  degree  of  certainty.  The 
first  of  these  has  a  period  of  75  years;  the  second  a  period  of 
129  years  ;  and  the  third  a  period  of  575  years.  The  third 
appeared  in   1680;   and  therefore  cannot  be  expected  again 

What  number  of  comets  are  supposed  to  belong  to  our  system  ?  How 
many  have  had  the  elements  of  their  orbits  estimated  by  astronomers  ? 
Pqw  many  are  there  who^e  periods  of  return  arelinown  ? 


•276 


COMETS. 


until  the  year  2225.,    This  comet  in  1680,  excited  the  most 
intense  interest  among  the  astronomers  olEurope,  on  account 
Fig.  212. 

of  its  great  apparent  size  and 
near  approach  to  our  system. 
In  the  most  remote  part  of  its 
orbit,  its  distance  from  the 
jsun  was  estimated  at  about 
eleven  thousand  two  hundred 
millions  of  miles.   Atitsnear- 

jest  approach  to  thesun,which 

was  only  about  50,000  miles,  its  velocity,  according  to  Sir 
Isaac  Newton,  was  880,000  miles  in  an  hour  ;  and  supposing 
it  to  have  retained  the  sun's  heat,  like  other  solid  bodies,  its 
temperature  must  have  been  about  2000  times  that  of  red 
hot  iron.  The  tail  of  this  comet  was  at  least  100  millions  of 
miles  long. 

In  the  Edinburgh  Encyclopedia,  article  Astronomy,  there 
is  the  most  complete  table  of  comets  yet  published.  This 
contains  the  elements  of  97  comets,  calculated  by  different 
astronomers,  down  to  the  year  1808. 

From  this  table  it  appears  that  24  comets  have  passed  be- 
tween the  sun  and  the  orbit  of  Mercury  ;  33  between  the  or- 
bits  of  Venus  and  the  Earth  ;  15  between  the  orbits  of  the 
Earth  and  Mars  ;  3  between  the  orbits  of  Mars  and  Ceres  ; 
and  1  between  the  orbits  of  Ceres  and  Jupiter.  It  also  ap- 
pears by  this  table  that  49  comets  have  moved  round  the  sun 
from  west  to  east,  and  48  from  east  to  west. 

Of  the  nature  of  these  wandering  planets  very  little  is  known. 
When  examined  by  a  telescope,  they  appear  like  a  mass  of 
vapours  surrounding  a  dark  nucleus.  When  the  comet  is 
at  its  perihelion,  or  nearest  the  sun,  its  color  seems  to  be 
heightened  by  the  intense  light  or  heat  of  that  luminary,  and 
it  then  often  shines  with  more  brilliancy  than  the  planets.  At 
this  time  the  tail  or  train,  which  is  always  directly  opposite  to 
the  sun,  appears  at  its  greatest  length,  but  is  commonly  so 
transparent  as  to  permit  the  fixed  stars  to  be  seen  through  it. 
A  variety  of  opinions  have  been  advanced  by  astronomers  con- 
cerning the  nature  and  cause  of  these  trains.  Newton  sup- 
posed that  they  were  thin  vapour,  made  to  ascend  by  the  sun's 
heat,  as  the  smoke  of  a  fire  ascends  from  the  earth ;  while 
Kepler  maintained  that  it  was  the  atmosphere  of  the  comet 
driven  behind  it  by  the  impulse  of  the    sun's  rays.     Others 
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suppose  that  this  appearance  arises  from  streams  of  electric 
matter  passing  away  from  the  comet,  &c. 


ELECTRICITY. 

The  science  of  Electricity,  which  now  ranks  as  an  impor- 
tanl  branch  of  Natural  Philosophy,  is  wholly  of  modern  date. 
The  ancients  were  acquainted  with  a  few  detached  facts  de- 
pendent ^n  the  agency  of  electrical  influence,  but  they  never 
imagined  that  it  was  extensively  concerned  in  the  operations 
of  nature,  or  that  it  pervaded  material  substances  generally. 
The  term  electricity  is  derived  from  electron,  the  Greek  name 
of  amber,  because  it  was  known  to  the  ancients,  that  when 
that  substance  was  rubbed  or  excited,  it  attracted  or  repelled 
small  light  bodies,  and  it  was  then  unknown  that  other  sub- 
stances when  excited  would  do  the  same. 

When  a  piece  of  glass,  sealing  wax,  or  amber,  is  rubbed 
with  the  dry  hand  and  held  towards  small  and  light  bodies, 
such  as  threads,  hairs,  feathers,  or  straws,  these  bodies  will  fiy 
towards  the  surface  thus  rubbed,  and  adhere  to  it  for  a  shoh 
time..  The  influence  by  which  these  small  substances  are 
drawn,  is  called  electrical  attraction;  the  surface  having  this 
attractive  power  is  said  to  be  excited;  and  the  substances  sus- 
ceptible of  this  excitation,  are  called  electrics.  Substances, 
not  having  this  attractive  power  when  rubbed,  are  called  non- 
electrics. 

The  principal  electrics  are  amber,  rosin,  sulphur,  glass,  the 
precious  stones,  seaUng  wax,  and  the  fur  of  most  quadrupeds. 

After  the  light  substances,  which  had  been  attracted  by  the 
excited  surface,  have  remained  in  contact  with  it  a  certain 
time,  the  force  which  brought  them  together  ceases  to  act,  or 
acts 'in  a  contrary  direction,  and  the  light  bodies  are  repelled, 
or  thrown  away  from  the  excited  surface.  Two  bodies,  also, 
which  have  been  in  contact  with  the  excited  surface,  mutual- 
ly repel  each  other. 

Various  modes  have  been  devised  for  exhibiting  distinctly 
the  attractive  and  repulsive  agencies  of  electricity,  and  for 
obtaining  indications  of  its  presence,  when  it  exists  only  in  a 
feeble  degree.  Instruments  for  this  purpose  are  termed  Elec- 
troscopes. 

From  what  is  the  term  electricity  derived  ?  What  is  electrical  attrac- 
tion ^  What  are  electrics  ?  What  are  non-electncs?  What  are  the 
principal  electrics?  What  is  meant  by  electrical  repulsion?  What  is 
an  electroscope? 

24* 
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One  of  the  simplest  instruments  of  this  kind  consists  of  a 
Fig.  213.  metallic  needle,  terminated  at 

each  end  by  a  light  pith  ball, 
which  is  covered  with  gold  leaf, 
and  supported  horizontally  at 
its  centre  by  a  fine  point,  fig. 
213.  'When  a  stick  of  sealing 
wax,  or  a  glass  tube  is  excited, 
and  then  presented  to  one  of 
these  balls,  the  motion  of  the 
needle  on  its  pivot  will  indicate 
the  electrical  influence. 
If  an  excited  substance  be  brought  near  a  ball  made  of  pith. 
Fig.  214.  or   Cork,    suspended   by  a  silk 

thread,  the  ball  will,  in  the  first 
place,  approach  the  electric  as  at 
a,  fig.  214,  indicating  an  attrac- 
tion towards  it,  and  if  the  posi- 
tion of  the  electric  will  allow, 
the  ball  will  come  into  contact 
with  the  electric,  and  adhere  to 
it  for  a  short  time,  and  will  then 
recede  from  it,  showing  that  it  is  repelled  as  at  b.  If  now  the 
ball  which  had  touched  the  electric,  be  brought  near  another 
ball,  which  has  had  no  communication  with  an  excited  sub' 
stance,  these  two  balls  will  attract  each  other  and  come  into 
contact ;  after  which  they  will  repel  each  other,  as  in  the  for- 
mer case. 

It  appears,  therefore,  that  the  excited  body,  as  the  stick  of 
sealing  wax,  imparts  a  portion  of  its  electricity  to  the  ball, 
and  that  when  the  ball  is  also  electrified,  a  mutual  repulsion 
then  takes  place  between  them.  Afterwards,  the  ball,  being 
electrified  by  contact  with  the  electric,  when  brought  near 
another  ball  not  electrified,  transfers  a  part  of  its  electrical 
influence  to  that,  after  which  these  two  balls  repel  each  other 
as  in  the  former  instance. 

Thus  when  one  substance  has  a  greater  or  less  quantity  of 
electricity  than  another,  it  will  attract  the  other  substance, 
and  when  they  are  in  contact,  will  impart  to  it  a  portion  of  this 
superabundance  ;  but  when  they  are  both  equally  electrified, 
both  having  more  or  less  than  their  natural  quantity  of  elec- 
tricity,  they  will  repel  each  other. 

When  do  two  electrified  bodies  attract,  and  when  do  they  repel  each 
other  f 
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To  account  for  these  phenomena,  two  theories  have  been 
advanced,  one  by  Dr.  Franklin,  who  supposes  there  is  only 
one  electrical  fluid,  and  the  other  by  Du  Fay,  who  supposes 
there  are  two  distinct  fluids. 

Dr.  Franklin  supposed  that  all  terrestrial  substances  were 
pervaded  with  the  electrical  fluid,  and  that  by  exciting  an  elec- 
tric, the  equilibrium  of  this  fluid  was  destroyed,  so  that  one 
part  of  the  excited  body,  contained  more  than  its  natural  quan- 
tity of  electricity,  and  the  other  part  less.     If  in  this  state  a 
conductor  of  electricity,  as  a  piece  of  metal,  be  brought  near 
the  excited  part,  the  accumulated  electricity  would  be  impart, 
ed  to  it,  and  then  this  conductor  would  receive  more  than  its 
natural  quantity  of  the  electric  fluid.     This  he  called  positive 
electricity.     But  if  a  conductor  be  connected  with  that  part 
which  has  less  than  its  ordinary  share  of  the  fluid,  then  the 
conductor  parts  with  a  share  of  its  own,  and  therefore  will  then 
contain  less  than  its  natural  quantity.     This  he  called  negative 
electricity.     When  one  body  positively,  and  a.notheT  negative, 
ly  electrified,  are  connected  by  a  conducting  substance,   the 
fluid  rushes  from  the  positive  to  the  negative  body,    and  the 
equilibrium  is  restoied.     Thus  bodies  which  are  said  to  be 
positively  electrified  contain  more  than  their  natural  quantity 
of  electricity,   while  those  which  are  negatively  electrified 
contain  less  than  their  natural  quantity. 

The  other  theory  is  explained  thus.  When  a  piece  of  glass 
is  excited  and  made  to  touch  a  pith  ball,  as  above  stated,  then 
that  ball  will  attract  another  ball.,  after  which  they  will  mutu- 
ally repel  each  other,  and  the  same  will  happen  if  a  piece  of 
sealing  wax  be  used  instead  of  the  glass.  But  if  a  piece  ot 
excited  glass,  and  another  of  wax,  be  made  to  touch  tvvo  sep- 
arate  balls,  they  will  attract  each  other  ;  that  is,  the  ball  which 
received  its  electricity  from  the  wax  will  attract  that  which  re- 
ceived  its  electricity  from  the  glass,  and  will  be  attracted  by  it. 
Hence  Du  Fay  concludes  that  electricity  consists  of  two  dis- 
tinct  fluids,  which  exist  together  in  all  bodies— that  they  have 
a  mutual  attraction  for  each  other— that  they  are  separated  by 
the  excitation  of  electrics,  and  that  when  thus  separated,  and 

How  will  two  bodies  act,  one  having  more  and  the  other  Jess^han  tlie 
natural  quantity  of  electricity,  when  brought  near  each  other .  How 
wi  Uhev  act  when  both  have  more  or  less  than  their  natural  quantity  ? 
SxplSr  Franklin's  theory  of  electricity.  What  is  meant  by  posi- 
Sve  and  what  by  negative  electricity  ?  What  is  the  consequence,  when 
a  Do^t"ve  and  aLgalive  body  is  connected  by  a  conductor?  Explain 
DuFa"'s  theory,  'when  two\al!s  are  electrified  one  with  glass,  and 
^e  .ther  with  wax,  will  they  attract,  or  repel  each  other  ? 
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transferred  to  non-electrics,  as  to  the  pith  balls,  their  mutual 
attraction  causes  the  balls  to  rush  towards  each  other.  These 
two  principles  he  called  vitrious  and  resinous  electricity.  The 
vitrous  being  obtained  from  glass,  and  the  resinous  from  wax, 
and  other  resinous  substances. 

Dr.  Franklin's  theory  is  by  far  the  most  simple,  and  will  ac- 
count for  most  of  the  electrical  phenomena  equally  well  with 
that  of  Du  Fay,  and  therefore  has  been  adopted  by  many  of 
the  most  able  electricians. 

It  is  found  that  some  substances  conduct  the  electric  fluid 
from  a  positive  to  a  negative  surface  with  great  facility,  while 
others  conduct  it  with  difficulty,  and  others  not  at  all.  Sub- 
stances of  the  first  kind  are  called  conductors,  and  those  of  the 
last,  non-conductors.  The  electrics,  or  such  substances  as, 
being  excited,  communicate  electricity,  are  all  non-conduct- 
ors, while  the  non-electrics,  or  such  substances  as  do  not 
communicate  electricity  on  being  excited,  are  conductors. 
The  conductors  are  the  melals,  charcoal,  water,  and  other 
fluids,  except  the  oils,  smoke,  steam,  ice  and  snow.  The 
best  conductors  are  gold,  silver,  platina,  brass,  and  iron. 

The  electrics,  or  non-conductors,  are  glass,  amber,  sulphur, 
resin,  wax,  silk,  most  hard  stones,  and  the  furs  of  some  ani- 
mals. 

A  body  is  said  to  be  insulated,  when  it  is  supported,  or  sur- 
rounded by  an  electric.  Thus  a  stool,  standing  on  glass  legs, 
is  insulated,  and  a  plate  of  metal  laid  on  a  plate  of  glass,  is 
insulated. 

When  large  quantities  of  the  eleetric  fluid  are  wanted  for 
experiment,  or  for  other  purposes,  it  is  procured  by  an  elec- 
trical machine.  These  machines  are  of  various  forms,  but  all 
consist  of  an  electric  substance,  of  considerable  dimensions  ; 
the  rubber  by  which  this  is  excited,  the  prime  conductor,  on 
which  the  electric  matter  is  accumulated,  the  insulator,  which 
prevents  the  fluid  from  escaping,  and  machinery  by  which 
the  electric  is  set  in  motion. 

What  are  the  two  electricities  called  ?  From  what  substances  are 
the  two  electricities  obtained  ?  What  are  conductors  ?  What  are  non- 
conductors? What  substances  are  conductors?  WhaLsubstances  are 
the  best  conductors  ?  What  substances  are  electrics,  or  non-conduct- 
ors? AVhen  is  a  body  said  to  be  insulated  ?  What  are  the  severtt 
parts  of  an  electrical  machine  ? 
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Fig.  215  represents  such  a  machine,  of  which  A  is  thc' 
electric,  being  a  cylinder  of  glass ;  B  the  prime  conductor 
R  the  rubber,  or  cushion,  and  C  a  chain  connecting  the  rub 
ber  with  the  ground.  The  prime  conductor  is  supported  by 
a  standard  of  glass.  Sometimes,  also,  the  pillars  which  sup- 
port the  axis  of  the  cylinder,  and  that  to  which  the  cushion  is 
attached,  are  made  of  the  same  material.  The  prime  con- 
ductor has  several  wires  inserted  into  its  side,  or  end,  which 
are  pointed,  and  stand  Avith  the  points  near  the  cylinder. 
They  receive  the  electric  fluid  from  the  glass  and  convey  it 
to  the  couductor.  The  conductor  is  commonly  made  of  sheet 
brass,  there  being  no  advantage  in  having  it  solid,  as  the 
electric  fluid  is  always  confined  entirely  to  the  surface. 
Even  paper,  covered  with  gold  leaf,  is  as  effective  in  this 
respect,  as  though  the  whole  was  of  solid  gold.  The  cushion 
is  attached  to  a  standard,  which  is  furnished  with  a  thumb 
screw,  so  that  its  pressure  on  the  cylinder  can  be  increased, 
or  diminshed.  The  cushion  is  made  of  leather,  stuffed,  and 
at  its  upper  edge  there  is  attached  a  flap  of  silk,  F,  by  which 
a  greater  surface  of  the  glass  is  covered,  and  the  electric  fluid 

What  is  the  use  of  the  pointed  wires  in  tlie  prime  conductor?  How 
is  it  accounted  for,  that  a  mere  surface  of  metal  will  contam  as  much 
electric  fluid,  as  though  it  were  solid?  When  a  piece  of  glass,  or  seal- 
ing wax  is  excited,  by  rubbing:  it  with  the,  hand,  or  a  piece  of  silk 
whence  comes  the  electricity? 
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thus  prevented,  in  son>e  degcoe,  from  escaping.  The  efficacy 
of  the  rubber  in  producing  the  electric  excitation  is  much  in- 
creased by  spreading  on  it  a  small  quantity  of  an  amalgram  of 
tin  and  mercury,  mixed  with  a  little  lard,  or  other  uncuous 
substance. 

The  manner  in  which  this  machine  acts,  may  be  inferred 
from  what  has  already  been  said,  for  when  a  stick  of  sealing 
wax,  or  a  glass  tube  is  rubbed  with  the  hand,  or  a  piece  of 
silk,  the  electric  fluid  is  accumulated  in  the  excited  substance, 
and  therefore  must  be  transferred  from  the  hand,  or  silk,  to 
the  electric.  In  the  same  manner,  when  the  cylinder  is  made 
to  revolve,  the  electric  matter,  in  consequence  of  the  friction, 
leaves  the  cushion,  and  is  accumulated  on  the  glass  cylinder, 
that  is,  the  cushion  becomes  negatively,  and  the  glass  posi- 
tively electrified.  The  fluid,  being  thus  excited,  is  prevented 
from  escaping  by  the  silk  flap,  until  it  comes  to  the  vicinity 
of  the  metallic  points,  by  which  it  is  conveyed  to  the  prime 
conductor.  But  if  the  cushion  is  insulated,  the  quantity  of 
electricity  obtained,  will  soon  have  reached  its  limit,  for  when 
its  natural  quantity  is  transferred  to  the  glass,  no  more  can 
be  obtained.  It  is  then  necessary  to  make  the  cushion  com- 
municate with  the  ground,  which  is  done  by  laying  the  chain 
on  the  floor,  or  table,  when  more  of  the  fluid  will  be  accumu- 
lated, by  further  excitation,  the  ground  being  the  inexhausti- 
ble source  of  the  electric  fluid. 

If  a  person  who  is  insulted,  takes  the  chain  in  his  hand,  the 
electric  fluid  will  be  drawn  from  him,  along  the  chain  to  the 
cushion,  and  from  the  cushion  will  be  transferred  to  the  prime 
conductor,  and  thus  the  person  will  become  negatively  elec- 
trified. If  then,  another  person,  standing  on  the  floor,  hold 
his  knuckle  near  him,  who  is  insulated,  a  spark  of  electric  fire 
will  pass  between  them,  with  a  crackling  noise,  and  the 
equilibrium  will  be  restored  ;  that  is,  the  electric  fluid  will 
pass  from  him  who  stands  on  the  floor,  to  him  who  stands  on 
the  stool.  But  if  the  insulated  person  takes  hold  of  a  chain, 
connected  with  the    prime  conductor,  he  may  be  considered 

When  the  cushion  is  insulated,  why  is  there  a  limited  quantity  of 
electric  matter  to  be  obtained  from  it?  What  is  then  necessary,  that 
more  electric  matter  may  be  obtained  from  the  cushion?  If  an  insula- 
ted person  takes  the  chain,  connected  with  the  cushion,  in  his  hand, 
what  change  will  be  produced  in  his  natural  quantity  of  electricity  ?  If 
the  insulated  person  takes  hold  of  the  chain  connected  with  the  prime 
conductor,  and  the  machine  be  worked,  what  then  wijl  be  the  change 
produced  in  his  electrical  state? 
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'as  forming  apart  of  the  conductor,  and  therefore  the  electric 
fluid  will  be  accumulated  all  over  his  surface,  and  he  will  be 
positively  electrified,  or  will  obtain  more  than  his  natural 
quantity  of  electricity.  If  now,  a  person  standing  on  the  floor 
touch  this  person,  he  will  receive  a  spark  of  electrical  fire 
from  him,  and  the  equilibrium  will  again  be  restored. 

H'two  persons  stand  on  two  insulated  stjole,  or  if  they  both 
stand  on  a  plate  of  glass,  or  a  cake  of  wax,  the  one  person 
being  connected  by  the  chain  with  the  prime  conductor,  and 
the  other  with  the  cushion,  then,  after  working  the  machine, 
if  they  touch  each  other,  a  much  stronger  shock  will  be  felt, 
than  in  either  of  the  other  cases,  because  the  difference  be- 
tween their  electrical  states  will  be  greater,  the  one  having 
more,  and  the  other  less  than  his  natural  quantity  of  electrici- 
ty. But  if  the  two  insulated  persons  both  take  hold  of  the 
chain  connected  with  the  prime  conductor,  or  with  that  con- 
nected with  the  cushion,  no  spark  will  pass  between  them,  on 
touching  each  othof,  because  they  will  then  both  be  in  the 
same  electrical  state. 

We  have  seen,  fig.  213,  that  the  pith  ball  is  first  attracted 
and  then  repelled,  by  the  excited  electric,  and  that  the  ball  so 
repelled,  will  attract,  of  be  attracted,  by  other  substances  in 
its  vicinity,  in  consequence  of  having  received  from  the  exci- 
ted body  more  than  its  ordinary  quantity  of  electricity. 

Fig.  216.  These  aUe^rnate  movements  are  amus- 

ingly exhibited,  by  placing  some  small 
light  bodies,  such  as  the  figures  of  men 
and  women,  made  of  pith,  or  paper,  be- 
tween two  metallic  plates,  the  one  placed 
over  the  other,  as  in  fig.  216,  the  upper 
plate  communicating  with  the  prime  con- 
ductor, and  the  other  with  the  ground. 
When  the  electricity  is  communicated  to 
the  upper  plate,  the  little  figures,  being  at- 
tracted by  the  electricity,  will  jump  up, 
and  strike  their  heads  against  it,  and  hav- 
ing received  a  portion  of  the  fluid,  are  in- 
stantly repelled,  and  again  attracted  by  the 
lower  plate,  to  which  they  impart  their  elec- 
tricity, and  then  are  again  attracted,  and  so 
fetch  and  carry  the  electric  fluid  from  one 

If  two  insulated  persons  take  hold  of  the  two  chains,  one  connected 
with  the  prime  conductor,  and  the  other  with  the  cushion,  what  chan- 
»res  will  be  produced  ? 
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to  the  other,  ae  long  as  the  upper  plate  contains  more  than  the 
lower  one.  In  the  same  manner,  a  tumbler,  if  electrified  on 
the  inside,  and  placed  over  light  substances,  as  pith  balls,  will 
cause  them  to  dance  for  a  considerable  time. 

This  alternate  attraction  and  repulsion,  by  moveable  con- 
ductors, is  also  pleasingly  illustrated  with  a  ball,  suspended 
by  asilk  string  between   two  bells  of  brass,  fig.  217,  one  of 
Fig.  217.  the  bells  being  electrified,  and  the  other 

communicating  with  the  ground.    The 
j""  alternate    attraction     and    repulsion, 

moves  the  ball  from  one  bell  to  the 
other,  and  thus  produces  a  continual 
ringing.  In  all  these  cases,  the  phe- 
nomena will  be  the  same,  whether  the 
electricity  be  positive,  or  negative ; 
for  two  bodies,  being  both  positively, 
or  negatively  electrified,  repel  each 
111  j     other,  but  if  one  be  electrified  positive- 

IX  ^  1%  !  ly!  3.nd  the  other  negatively,  or  not  at 
all,  they  attract  each  other. 
Thus  a  small  figure,  in  the  human  shape,  with  the  head 
covered  with  hair,  when  electrified,  either  positively  or  nega- 
tively, will  exhibit  an  appearance  of  the  utmost  terror,  each 
hair  standing  erect,  and  diverging  from  the  other,  in  conse- 
quence of  mutual  repulsion.  A  person  standing  on  an  insula- 
ted stool,  and  highly  electrified,  will  exhibit  the  same  appear- 
ance. In  cold,  dry  weather,  the  friction  produced  by  comb- 
ing a  person's  hair,  will  cause  a  less  degree  of  the  same  effect. 
In  either  case,  the  hair  will  collapse,  or  shrink  to  its  natural 
•state,  on  carrying  a  needle  near  it,  because  this  conducts 
away  the  electric  fluid.  Instruments  designed  to  measure  the 
intensity  of  electric  action,  are  called  electrometers. 

Such  an  instrument  is  represented  by  fig.  218.  It  consists 
of  a  slender  rod  of  light  wood,  a,  terminated  by  a  pith  ball, 
which   serves  as  an  index.     This  is  suspended  at  the  upper 


If  they  both  take  hold  of  the  same  chain,  wliat  will  be  the  effect? 
JUxplain  tlio  reason  why  the  little  images  dance  between  the  two  metal- 
lic plate.s,  fig.  216.  Explain  fig.  217.  Does  it  make  any  difference  in 
respect  to  the  motion  of  the  images,  or  of  the  ball  between  the  bells, 
whether  the  electricity  be  positive  or  negalive  ?  When  a  person  is 
highly  electrified,  why  does  he  exhibit  an  appearance  of  the  utmost 
terror .'     What  is  »n  electrometer  .'' 
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Fig.  218.  part  of  the  wooden  stem  b,  so  as  to  play  easily 
backwards  and  forwards,  The  ivory  semicir- 
cle c,  is  affixed  to  the  stem,  having  its  centre 
coinciding  with  the  axis  of  motion  of  the  rod, 
so  as  to  measure  the  angle  of  deviation  from 
the  perpendicular,  which  the  repulsion  of  the 
ball  from  the  stem  produces  in  the  index. 

When  this  instrument  is  used,  the  lower  end 

of  the  stem  is  set  into  an  aperture  in  the  prime 

conductor,  and  the  intensity  of  the  electric 

action  is  indicated  by  the  number  of  degrees 

the  index  is  repelled  from  the  perpendicular. 

'  The  passage  of  the  electric  fluid  through  a 

perfect  conductor's  never  attended  with  light, 

or  the  crackling  noise,  which  is  heard  when  it  is  transmitted 

through  the  air,  or  along  the  surface  of  an  electric. 

Several  curious  experiments  illustrate  this  principle,  for  if 
fragments  of  tin  foil,  or  other  metal,  be  pasted  on  a  piece  of 
glass,  so  near  each  other  that  the  electric  fluid  can  pass  be- 
tween them,  the  whole  line  thus  formed  with  the  pieces  of 
metal,  will  be  illuminated  by  the  passage  of  the  electricity 
from  one  to  the  other. 

Fig.  219. 


In  this  manner,  figures,  or  words  may  be  formed,  as  in  fig. 
219,  which  by  connecting  one  of  its  ends  with  the  prime  con- 
ductor,  and  the  other  with  the  ground,  will,  when  the  electric 
fluid  is  passed  through  the  whole,  in  the  dark,  appear  one  con- 
tinuous, and  vivid  line  of  fire. 

Electrical  light  seems  not  to  difl'er,  in  any  respect,  from  the 
light  of  the  sun,  or  of  a  burning  lamp.  Dr.  WoUaston  observ- 
ed, that  when  this  light  was  seen  through  a  prism,  the  ordma- 
ry  colors  arising  from  the  decomposition  of  light  were  obvious. 

Describe  that  represented  at  fig.  219,  together  with  the  mode  of  using 
it  "When  the  electric  fluid  passes  along  a  perfect  conductor,  is  it  at- 
tended with  light  and  noise,  or  not  ?  When  it  passes  along  an  electric, 
or  through  the  air,  what  phenomena  does  it  exhibit  >  Describe  the  ex- 
periment, fig.  219,  intended  to  illustrate  this  prmciplc. 
25 
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The  brilliancy  of  electrical  sparks  is  proportional  to  the 
conducting  power  of  the  bodies  between  which  it  passes. 
When  an  imperfect  conductor,  such  as  a  piece  of  wood,  is  em- 
ployed, the  electric  light  appears  in  faint,  red  streams,  while, 
if  passed  between  two  pointed  metals,  its  color  is  of  a  more 
brilliant  red.  Its  color  also  differs,  according  to  the  kind  of 
substance,  from,  or  to  which  it  passes,  or  it  is  dependant  on 
peculiar  circumstances.  Thus,  if  the  electric  fluid  passes  be- 
tween  two  polished  metallic  surfaces,  its  color  is  nearly 
white  ;  but  if  the  spark  is  received  by  the  finger  from  such  a 
surface,  it  will  be  violet.  The  sparks  are  green,  when  taken 
by  the  finger  from  a  surface  of  silvered  leather  ;  yellow,  when 
taken  from  finely  powdered  charcoal,  and  purple,  when  taken 
from  the  greater  number  of  imperfect  conductors. 

When  the  electric  fluid  is  discharged  from  a  point,  it  is 
always  accompanied  by  a  current  of  air,  whether  the  electri- 
city be  positive  or  negative.  The  reason  of  this  appears  to 
be,  that  the  instant  a  particle  of  air  becomes  electrified,  it  re- 
pels,  and  is  repelled  by  the  point  from  which  it  received  the 
electricity. 

Fig.  220.  Several  curious    little    experiments  are 

,  made  on  this  principle.  Thus  let  two  cross 
wires,  as  in  fig.  220,  be  suspended  on  a  piv- 
'""•H,^  ot,  each  having  its  point  bent  in  a  contrary 
^^  direction,  and  electrified  by  being  placed 
on  the  prime  conductor  of  a  machine. 
These  points,  so  long  as  the  machine  is  in 
action,  will  give  ofl!"  streams  of  electricity, 
and  as  the  particles  of  air  repel  the  points 
by  which  they  are  electrified,  the  little  ma- 
chine will  turn  round  rapidly,  in  the  direction  contrary  to  that 
of  the  stream  of  electricity.  Perhaps,  also,  the  reaction  of 
the  atmosphere  against  the  current  of  air  given  off  by  the 
points,  assists  in  giving  it  motion. 

When  one  part,  or  side  of  an  electric  is  positively,  the  other 
part,  or  side,  is  negatively  electrified.  Thusifapfate  of  glass 
be  positively  electrified  on  one  side,  it  will  be  negatively  elec 

What  is  the  appearance  of  electrical  light  through  a  prism  .'  What 
is  said  concerning  the  different  colors  of  electrical  light,  when  passing 
between  surfaces  of  different  kinds .'  Describe  fig.  220,  and  explain 
theprinciple  on  which  its  motion  depends.  Suppose  one  part,  cr  side 
of  an  electric  is  positive,  what  will  be  the  electrical  state  of  the  other 
side  or  part .' 
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trifled  on  the  other,  and  if  the  inside  of  a  glass  vessel  be  posi- 
tive, tlie  outside  will  be  negative. 

Advantage  of  this  circumstance  is  taken,  in  the  construc- 
tion of  electrical  jars,  called,  from  the  place  where  they  were 
first  made,  Leyden  vials. 

Fig.  221 .  The  most  common  form  of  this  jar  is  repre- 

sented by  fig.  221.  It  consists  of  a  glass  ves- 
sel, coated,  on  both  sides,  up  to  a  with  tin  foil; 
the  upper  part  being  left  naked,  so  as  to  pre- 
vent a  spontaneous  discharge,  or  the  passage 
of  the  electric  fluid  from  one  coating  to  the 
other.  A  metallic  rod,  rising  two  or  three 
inches  above  the  jar,  and  terminating  at  the 
top  with  a  brass  ball,  which  is  called  the  knob 
of  the  jar,  is  made  to  descend  through  the  cover, 
till  it  touches  the  interior  coating.-  It  is  along 
this  rod  that  the  charge  of  electricity  is  con- 
veyed to  the  inner  coating,  while  the  outer 
coating  is  made  to  communicate  with  the  ground. 

When  a  chain  is  passed  from  the  prime  conductor  of  an 
electrical  machine  to  this  rod,  the  electricity  is  accumulated 
on  the  tin  foil  coating,  while  the  glass  above  the  tin  foil  pre- 
vents  its  escape,  and  thus  the  jar  becomes  charged.  By  con- 
necting together  a  sufficient  number  of  these  jars,  any  quan- 
tity of  "he ''electric  fluid  may  be  accumulated.  For  this  pur- 
pose all  the  interior  coalings  of  the  jars  are  made  to  commu- 
nicale  with  each  other,  by  metallic  rods  passmg  between 
them,  and  finally  terminating  in  a  single  rod.  A  smidar 
union  is  also  established,  by  connecting  the  external  coats 
with  each  other.  When  thus  arranged,  the  whole  series  may 
be  charged,  as  if  they  formed  but  one  jar,  and  the  whole 
series  may  be  discharged  at  the  same  instant.  Such  a  com- 
bination of  jars  is  termed  an  electrical  battery. 

For  the  purpose  of  making  a  direct  communication  between 
the  inner  and  outer  coating  of  a  single  jar,  or  battery,  by  which 
a  discharge  is  effected,  an  instrument  caWed^  discharging  rod 
is  employed.  It  consists  of  two  bent  metallic  rods,  termma- 
ted  at  one  end  by  brass  balls,  and  at  the  other  end  connected 

What  part  of  the  electrical  apparatus  is  constructed  on  this  principle? 
How  is  the  Leyden  vial  constructed  ?  Why  is  not  the  wdh  e  surface 
of  the  vial  covered  with  the  tin  foil  ?  How  is  the  Leyden  v.al  charged? 
In  what  manner  may  a  number  of  these  vials  be  charged?  What  is 
an  electrical  battery' 
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by  a  joint.  This  joint  is  fixed  to  the  end  of  a  glass  handle, 
and  the  rods  being  moveable  at  the  joint,  the  balls  can  be  sep- 
arated, or  brought  near  each  other  as  occasion  requires. 
When  opened  to  a  proper  distance,  one  ball  is  made  to  touch 
the  tin  foil  on  the  outside  of  the  jar,  and  then  the  other  is 
Fig.  222.  brought  in  contact  with  the  knob 

of  the  jar,  as  seen  in  fig.  222.  In 
^3  O  this  manner  a  discharge  is  eft'ect- 
ed,  or  an  equilibrium  produced 
between  the  positive  and  negative 
sides  of  the  jar. 

When  it  is  desired  to  pass  the 
charge  through  any  substance  for 
experiment,  then  an  electrical  cir- 
cuit must  be  established,  of  which 
the  substance  to  be  experimented 
on,  must  form  a  part.  That  is, 
the  substance  must  be  placed  between  the  ends  of  two  metal- 
lic conductors,  one  of  which  communicates  with  the  positive, 
and  the  other  with  the  negative  side  of  the  jar,  or  battery. 

When  a  person  takes  the  electrtcal  shock  in  the  usual  man- 
nea,  he  merely  takes  hold  of  the  chain  connected  with  the 
outside  coating,  and  the  battery  being  charged,  touches  the 
knob  with  his  finger,  or  with  a  metallic  rod.  On  making  this 
circuit,  the  fluid  passes  through  the  person  from  the  positive 
to  the  negative  side. 

Any  number  of  persons  may  receive  the  electrical  shock, 
by  taking  hold  of  each  other's  hands,  the  first  person  touching 
the  knob,  while  the  last  takes  hold  of  a  chain  connected  with 
the  external  coating.  In  this  manner,  hundreds,  or  perhaps 
thousands  of  persons,  will  feel  the  shock  at  the  same  instant, 
there  being  no  perceptible  interval  in  the  time  when  the  first 
and  the  last  person  in  the  circle  feels  the  sensation  excited  by 
the  passage  of  the  electric  fluid. 

The  atmosphere  always  contains  more  or  less  electricity, 
which  is  somefimes  positive,  and  at  others  negative.  It  is 
however  most  commonly  positive,  and  always  so  when  the  sky 

Explain  the  design  of  fig.  222,  and  show  how  an  equilibrium  is  pro- 
duced by  the  discharging  rod.  When  it  is  desired  to  pass  the  electrical 
fluid  through  any  substance,  where  must  it  be  placed  in  respect  to  the 
two  sides  of  the  battery  ?  Suppose  the  battery  is  charged,  what  must  a 
person  do  to  take  the  shock?  What  circumstance  is  related,  which 
shows  the  surprising  velocity  with  which  electricity  is  transmitted.' 
Is  the  electricity  of  the  atmosphere  positive  or  negative  .' 
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is  clear,  or  free  from  clouds  or  fogs.  It  is  always  stronger  in 
winter  than  in  summer,  and  during  the  day  than  during  the 
niffht.  It  is  also  stronger  at  some  hours  of  the  day  than  at 
otiiers  ;  being  strongest  about  9  o'clock  in  tlie  morning,  and 
weakest  about  the  middle  of  the  afternoon.  These  different 
electrical  slates  are  ascertained  by  means  of  long  metallic 
wires,  extending  from  one  building  to  another,  and  connected 
with  electrometers. 

It  was  proved  by  Dr.  Franklin,  that  the  electric  fluid  and 
lightning -dVQ  the  same  substance,  and  this  identity  has  been 
confirmed  by  subsequent  writers  on  the  subject. 

If  the  properties  and  phenomena  of  lightning  be  compared 
with  those  of  electricity,  it  will  be  found  that  they  differ  only 
in  respect  to  degree.  Thus  lightning  passes  in  irregular  lines 
throu'rh  the  air  ;  the  discharge  of  an  electrical  battery  has  the 
same^ippearance.     Lightning  strikes  the  highest  pointed  ob- 

jects takes  in  its  course  the  best  conductors — sets  fire  to  non- 

conductors,  or  rends  them  in  pieces— and  destroys  animal 
life  ;  all  of  which  phenomena  are  caused  by  the  electric  fluid. 
Buildings  may  be  secured  from  the  effects  of  lightning,  by 
fixino-  to  them  a  metallic  rod,  which  is  elevated  above  any  part 
of  tlfe  edifice  and  continued  to  the  moist  ground,  or  to  the 
nearest  water.  Copper  for  this  purpose  is  better  than  iron, 
not  only  because  it  is  less  liable  to  rust,  but  because  it  is  a  bet- 
ter conductor  of  the  electric  fluid.  The  upper  part  of  the  rod 
should  end  in  several  fine  points,  which  must  be  covered  with 
some  metal  not  liable  to  rust,  such  as  gold,  platina,  or  sdver. 
No  protection  is  afforded  hythe  conductor  unless  it  is  continu- 
ed without  interruption  from  the  i^p  to  the  bottom  of  the  huild- 
ins  and  it  cannot  he  relied  on  as  a  protector,  unless  it  reaches 
tht  moist  earth,  or  ends  in  imter' connected  with  the  earth. 
Conductors  of  copper,  may  be  three  fourths  of  an  inch  m  di- 
ameter  but  those  of  iron  should  be  at  least  an  uicli  in  diame- 
ter  In  lar^e  buildings,  complete  protection  requires  many 
Witnin^  rods,  or  that  they  should  be  elevated  to  a  height 
above  tl^e  building  in  proportion  to  the  smallness  of  their  num- 
bers, for  modern  experiments  have  proved  that  a  rod  only  pio- 

At  what  times  does  the  aimosphero  contain  most  electricity  ?  How 
ornth^  different  elcctricaHtates  of  tlie  atmosphere  ascertamed  ?  Who 
Sst  dfscivored  tl  at  electricity  and  lightning  are  the  same  ?  VVha  phe- 
.„,o,  a  trt  mentioned  which  belong  in  common  to  electricity  and  hght- 
nomcna  ^f  '"^"^^'^^^^iui^^,  bo  protected  from  the  eftecls  ot  hghlning? 
l^^lihis'JbrtUScto^iroLrc^ 
necessary,  that  Uic  r«d  may  be  relied^on  as  a  protector  ? 
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tects  a  circle  around  it,  the  radius  of  which  is  equal  to  twice 
its  length  above  the  building. 

Some  fishes  have  the  power  of  giving  electrical  shocks,  the 
effects  of  which  are  the  same  as  those  obtained  by  the  friction 
of  an  electric.  The  best  known  of  these  are  the  Torpedo,  the 
Gymnotus  eleciricus,  and  the  Silu7'us  electricus. 

The  torpedo,  when  touched  with  both  hands  at  the  same 
time,  the  one  hand  on  the  under,  and  the  other  on  the  upper 
surface,  will  give  a  shock  like  that  of  the  Leyden  vial ;  which 
shows  that  the  upper  and  under  surfaces  of  the  electric  organs 
are  in  the  positive  and  negative  state,  like  the  inner  and  outer 
surfaces  of  the  electrical  jar. 

The  gymnotus  electricus,  or  electrical  eel,  possesses  all  the 
electrical  powers  of  the  torpedo,  but  in  a  much  higher  degree- 
When  small  fish  are  placed  in  the  water  with  this  animal,  they 
are  generally  stunned,  and  sometimes  killed,  by  his  electrical 
shock,  after  which  he  eats  them  if  hungry.  The  strongest 
shock  of  the  gymnotus,  will  pass  a  short  distance  through  the 
air,  or  across  the  surface  of  an  electric,  from  one  conductor 
to  another,  and  then  there  can  be  perceived  a  small,  but  vivid 
spark  of  electrical  fire  ;  particularly  if  the  experiment  be  made 
in  the  dark.     Galvanism.  See  Chemistry. 
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The  nti.t\\e  Magnet,  or  Loadstone,  if  an  ore  of  iron,  which 
is  found  in  various  parts  of  the  world.  Its  color  is  iron  black, 
its  specific  gravity  from  4  to  5,  and  it  is  sometimes  found  in 
crystals.  This  substance  witliout  any  preparation  attracts  iron 
and  steel,  and  when  suspended  by  a  string,  will  turn  one  of 
its  sides  towards  the  north,  and  another  towards  the  south. 

It  appears  that  an  examination  of  the  properties  of  this  spe- 
cies of  iron  ore,  led  to  the  important  discovery  of  the  .magnetic 
needle,  and  subsequently  laid  the  foundation  for  the  science  of 
Magnetism,  though  at  the  present  day  magnets  are  made  witli- 
out  this  article. 

The  whole  science  of  magnetism  is  founded  on  the  fact  that 
pieces  of  iron  or  steel,  after  being  treated  in  a  certain  manner 
and  then  suspended,  will  constantly  turn  one  of  their  endsto- 

What  animals  have  the  power  of  giving  electrical  shocks  ?  Is  this 
electricity  supposed  to  difl'er  from  that  obtained  by  art?  How  must  the 
hands  be  applied  to  take  the  electrical  shock  of  these  animals?  What 
is  the  native  magnet,  or  loadstone  ?  What  are  the  properties  of  the 
loadstone?     Oa  what  is  the  whole  subject  of  magnetism  founded? 
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wards  the  north,  and  consequentl5-  ^^^  other  towards  the  south. 
The  same  property  has  been  more  recently  proved  to  belong 
to  the  metals  nickel  and  cobalt,  though  with  much  less  inten- 
sity. 

The  poles  of  a  magnet  are  those  parts  which  possess  the 
greatest  power,  or  in  which  the  magnetic  virtue  seems  to  be 
concentrated.  One  of  the  poles  points  north,  and  the  other 
south.  The  magnetic  meridian  is  a  vertical  circle  in  the  hea- 
vens, which  intersects  the  horizon  at  the  points  to  which  the 
magnetic  needle,  when  at  rest,  directs  itself. 

The  axis  of  a  magnet,  is  aright  line  which  passes  from  one 
of  its  poles  to  the  other. 

The  equator  of  a  magnet,  is  a  line  perpendicular  to  its  ax- 
is, and  is  at  the  centre  between  the  two  poles. 

The  leading  properties  of  the  magnet  are  the  following.  It 
attracts  iron  and  steel,  and  when  suspended  so  as  to  move  free- 
ly, it  arranges  itself  so  as  to  point  north  and  south  ;  this  is  call- 
ed the  polarity  of  the  magnet.  When  the  south  pole  of  one 
magnet  is  presented  to  the  north  pole  of  another,  they  will  at- 
tract each  other  ;  tliis  is  called  magnetic  attraction.  But  if  the 
two  north  or  two  south  poles  be  brought  together,  they  will 
repel  each  other,  and  this  \s  called  magnetic  repulsion.  When 
a  magnet  is  left  to  move  freely,  it  does  not  lie  in  a  horizontal 
direction,  but  one  pole  inclines  downwards,  and  consequently 
the  other  is  elevated  above  the  line  of  the  horizon.  This  i^ 
called  the  dipping,  or  inclination  of  the  magnetic  needle. 
Any  magnet  is  capable  of  communicating  its  own  properties? 
to  iron  or  steel,  and  this  again  will  impart  its  magnetic  virtue 
to  another  piece  of  steel,  and  so  on  indefinitely. 

If  a  piece  of  iron  or  steel  be  brought  near  one  of  the  poles 
of  a  magnet,  they  will  attract  each  other,  and  if  suffered  to 
come  into  contact,  will  adhere  so  as  to  retjuire  force  to  sepa- 
rate them.  This  attraction  is  mutual ;  for  tlie  iron  attracts  the 
ma'rnet  with  the  same  force  that  the  magnet  attracts  the  iron. 
Thfs  may  be  proved,  by  placing  the  iron  and  magnet  on  pieces 
of  wood  tloating  on  water,  when  they  will  be  seen  to  approach 

each  other  mutually.  .        .  ,    ,      r  . 

The  force  of  magnetic  attraction  varies  with  the  distance  in 
the  same  ratio  as  the  force  of  gravity  ;  the  attracting  force  be- 

What  other  mcials  besides  iron  possess  the  magnetic  property  ?  What 
are  the  poles  of  amagnet?  What  is  the  axis  ot  a  magnet?  What  is 
the  equllor  of  a  n>agnet?  ^Vhat  is  meant  by  the  polarity  of  a  magnet? 
When  d  .  two  magifets  attract,  and  when  repe  each  other?  What,, 
understood  by  the  dipping  of  the  magnetic  needle  ?  ^ 
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ing  inversely  as  the  square  of  the  distance  between  the  mag- 
net  and  the  iron. 

The  magnetic  force  is  not  sensibly  affected  by  the  interpo- 
sition of  any  substance  except  those  containing  iron,  or  steel. 
Thus,  if  two  magnets,  or  a  magnet  and  piece  of  iron,  attract 
each  other  with  a  certain  force,  this  force  will  be  the  same,  if 
a  plate  of  glass,  wood,  or  paper,  be  placed  between  them. 
Neither  will  the  force  bealtered,  by  placing  the  two  attracting 
bodies  under  water,  or  in  the  exhausted  receiver  of  an  air 
pump.  This  proves  that  the  magnetic  inHuence  passes  equal- 
ly well  through  air,  glass,  wood,  paper,  water,  and  a  vacuum. 
Heat  weakens  the  attractive  power  of  the  magnet,  and  a, 
■white  heat  entirely  destroys  it.  Electricity  will  change  the 
poles  of  the  magnetic  needle,  and  the  explosion  of  a  small 
quantity  of  gun  powder  on  one  of  the  poles,  will  have  the 
same  effect. 

The  attractive  power  of  the  magnet  may  be  increased  by 
permitting  a  piece  of  steel  to  adhere  to  it,  and  then  suspending 
to  the  steel  a  little  additional  weight  every  day,  for  it  will 
sustain,  to  a  certain  limit,  a  little  more  weight  on  one  day, 
than  it  would  on  the  day  before. 

Small  natural  magnets  will  sustain  more  than  large  ones  in 
proportion  to  their  weight.  It  is  rare  to  find  a  natural  mag- 
net, weighing  20  or  'SO  grains,  which  will  lift  more  than  thirty 
or  forty  times  its  own  weight.  But  a  minute  piece  of  natural 
magnet,  worn  by  Sir  Isaac  Newton,  in  a  ring,  which  weighed 
only  three  grains,  is  said  to  have  been  capable  of  lifting  746 
urains,  or  nearly  250  times  its  own  weight. 

The  magnetic  property  may  be  communicated  from  the 
loadstone,  or  artificial  magnet,  in  the  following  manner,  it  be- 
ing understood  that  the  north  pole  of  one  of  the  magnets  era- 
ployed,  must  always  he  drawn  towards  the  south  pole  of  the 
new  magnet,  and  that  the  south  pole  of  the  other  magnet  em- 
ployed is  to  be  drawn  in  the  contrary  direction.  The  north 
poles  of  magnetic  bars  are  usually  marked  wilii  a  line  across 
them,  so  as  to  distinguish  this  end  from  the  other. 

How  is  it  proved  that  the  iron  attracts  the  magnet  willi  the  same 
force  that  the  magnet  attracts  the  iron  ''  How  does  the  force  of  mag- 
netic attraction  vary  whh  the  distance .-'  Does  the  magnetic  force  vary 
with  the  interposition  of  any  substance  between  the  attracting  bodies.' 
What  is  the  effect  of  heat  on  the  magnet  ?  W  hat  is  the  effect  of  clec- 
tticity,  or  the  explosion  of  gun-powder  on  it .'  How  may  the  power  of 
■•.iSfkiagnet  be  increased.'  What  is  said  concerning  the  comparative 
Tjowers  of  great  and  small  magnets  .'' 
I 
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Place    two    magnetic 
bars,  a  and  h,  lig.  223,  so 
that  the  north  end  of  one 
may  be  nearest  the  south 
end  of  the  other,  and   at 
TA      such  a  distance,  that  the 
^        \    ends  of  the  steel  bar  to  be 
i»™«™.    touched,  may   rest  upon 
them.     Having  thus  arranged  them,   as  shown  in  the  figure, 
take  the  two  magnetic  bars,  d  and  e,  and  apply  the  south  end 
of  e,  and  the  north  end  of  c^,  to  the  middle  of  the  bar  c,  eleva- 
ting  their  ends,  as  seen  in  the  figure.     Next  separate  the  bars 
e,  and  d,  by  drawing  them  in  opposite  directions  along  the 
surface  of  c,  still  preserving  the  elevation  of  their  ends  ;  then 
removing  the  bars  d  and  c  to  the  distance  of  a  foot  or  more 
from  the  bar  c,  bring  their  north  and  south  poles  into  contact, 
and  then  having  again  placed  them  on-  the  middle  of  c,  draw 
them  in  contrary  directions,  as  before.     The  same  process 
must  be  repeated  many  times,  on  each  side  of  the  bar,  c,  when 
it  will  be    found  to  have    acquired  a  strong  and  permanent 
magnetism. 

If  a  bar  of  iron  be  placed,  for  a  long  period  of  tinie,  in  a 
north  and  south  direction,  or  in  a  perpendicular  position,  it 
will  often  acquire  a  strong  magnetic  power.  Old  tongs,  po- 
kers, and  fire  shovels,  almost  always  possess  more  or  less 
magnetic  virtue,  and  the  same  is  found  to  be  the  case  w  ith  the 
iron  window  bars  of  ancient  houses,  whenever  they  have  hap- 
pened to  be  placed  in  the  direction  of  the  magnetic  line. 

A  magnetic  needle,  such  as  is  employed  in  the  mariner's  and 
surveyor's  compass  may  be  made  by  fixing  a  piece  of  steel  on 
a  board,  and  then  drawing  two  magnets  from  the  centre  to- 
wards  each  end,  as  directed,  at  fig.  223.  Some  magnetic 
needles,  in  time,  lose  their  virtue,  and  require  again  to  be 
magnetized.  This  may  be  done  by  placing  the  needle,  stdl 
suspended  on  its  pivot,  between  the  opposite  poles  of  two 
magnetic  bars.  While  it  is  receiving  the  magnetism,  it  will  be 
agitated,  moving  backwards  and  forwards,  as  though  it  were 
animated  but  when  it  has  become  perfectly  magnetized,  it  will 
remain  quiescent. 

Explain  fie.  223,  and  describe  the  mode  of  making  a  magnet  In 
what  po  hioL  do  bars  of  iron  bebome  magnetic  spontaneously  ?  How 
^ayl  needle  be  magnetized  without  remov.ng  H  from  Us  pivot  ? 
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The  dip,  or  inclination  of  the  magnetic  needle  is  its  devia- 
tion from  its  horizontal  position,  as  already  mentioned.  A 
piece  of  steel,  or  a  needle,  which  will  rest  on  its  centre,  in  a 
direction  parallel  to  the  horizon,  before  it  is  magnetized,  will 
afterwards  incline  one  of  its  ends  towards  the  earth.  This 
property  of  the  magnetic  needle,  was  discovered  by  a  compass 
maker,  who,  having  finished  his  needles  before  they  were 
magnetized,  found  that  immediately  afterwards,  their  north 
ends  inclined  towards  the  earth,  so  that  he  was  obliged  to  add 
small  weights  to*  their  soutq  poles,  in  order  to  make  them 
balance,  as  before. 

The  dip  of  the  magnetic  needle  is  measured  by  a  graduated 
circle,  placed  in  the  vertical  position,  with  the  needle  sus- 
pended by  its  side.  Its  inclination  from  a  horizontal  line 
marked  across  the  face  of  this  circle,  is  the  measure  of  its  dip. 
The  circle,  as  usual,  is  divided  into  360  degrees,  and  these 
into  minutes  and  seconds. 

The  dip  of  the  needle  does  not  vary  materially  at  the  same 
place,  but  differs  in  different  latitudes,  increasing  as  it  is  car- 
ried  towards  the  north,  and  diminishing  as  it  is  carried  to- 
wards the  south.  At  London,  the  dip  for  many  years  has 
varied  little  from  72  degrees.  In  the  latitude  of  80  degrees 
north,  the  dip  according  to  the  observations  of  Capt.  "Parry, 
was  88  degrees. 

Although,  in  general  terms,  the  magnetic  needle  is  said  to 
point  north  and  south,  yet  this  is  very  seldom  strictly  truCj 
there  being  a  variation  in  its  direction,  which  differs  in  degree 
at  different  times  and  places.  This  is  called  the  variation, 
or  declination  of  the  magnetic  needle. 

This  variation  is  determined  at  sea,  by  observing  the  differ, 
ent  points  of  the  compass  at  which  the  sun  rises,  or  sets,  and 
comparing  them  with  the  true  points  of  the  sun's  rising  or 
setting,  according  to  astronomical  tables.  By  such  observa- 
tions, it  has  been  ascertained,  that  the  magnetic  needle  is 
continually  declining  alternately  to  the  east,  or  west,  from  due 
north,  and  that  this  variation  differs  in  different  parts  of  the 
world  at  the  same  time,  and  at  the  same  place  at  different 
times. 

How  was  the  dip  of  the  magnetic  needle  first  discover.,  d  ?  In  what 
manner  is  the  dip  measured  ?  What  circumstance  increases  or  dimin- 
ishes the  dip  of  tile  needle  ?  What  is  meant  by  the  declination  of  the 
magnetic  needle  ?  How  is  this  variation  determined  ?  What  has  been 
ascertained,  concerning  the  variation  of  the  needle  at  different  times 
and  places  ? 
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In  1580  the  needle,  at  London,  pointed  11  degrees  15  min- 
utes east  of  north,  and  in  1657  it  pointed  due  north  and  south, 
so  that  it  moved  during  that  time  at  the  mean  rate  of  about  9 
mmutes  of  a  degree  in  each  year,  towards  the  north.  Since 
1657j  according  to  observations  made  in  England,  it  has  de- 
clined gradually  towards  the  west,  so  that  in  1803,  its  varia- 
tion west  of  north,  was  24  degrees. 

At  Hartford,  in  latitude  about  41,  it  appears,  from  a  record  of 
its  variations,  that  since  the  year  1824,  the  magnetic  needle 
has  been  declining  towards  the  west,  at  the  mean  rate  of  3 
minutes  of  a  degree  annually,  and  that  on  the  20th  of  July, 
1829,  the  variation  was  6  degrees  3  minutes  west  of  the  true 
meridian. 

The  cause  of  this  annual  variation  has  not  been  demonstra- 
ted, thouofh  according  to  the  experiment  of  Mr.  Canton,  it 
has  been  ascertained,  that  there  are  slight  variations  during 
the  different  months  of  the  year,  which  seem  to  depend  on  the 
degrees  of  heat  and  cold. 

The  directive  power  of  the  magnet  is  of  vast  importance  to 
the  world,  since  by  this  power,  mariners  are  enabled  to  con- 
duct their  vessels  through  the  widest  oceans,  in  any  given  di- 
rection, and  by  it,  travellers  can  find  their  way  across  deserts 
which  would  otherwise  be  impassable. 
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